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APPARATUS FOR RADIALLY EXPANDING AND PLASTICALLY DEFORMING A 

TUBULAR MEMBER 
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d^ket no. 25791.78. filed on 2/15/02. which Is a divisional of U.S. patent number 

25791.12.02. filed on 2/24/2000. which claims priority from provisional application 
60/121.841. filed on 2/26/99. (54) U.S. patent application serial no. 10/078.928 attorney 
docket no. 25791 .79. fited on 2/20/02. which Is a dMsiona, of U.S. patent number 

.™ TJ;^' °^'512.895. attorney docket no 

25791.12.02. filed on 2/24/2000. which claims priority from provlstonal application 
60/121.841. filed on 2/26/99. (55) U.S. patent application serial no. 10/078.922 attorney 
docket no. 25791 .80. filed on 2/20/02. which Is a divisional of U.S. paten, number 

25791.12.02. filed on 2/24/2O00. which claims priority from provisional application 
60/121.841. filed on 2/26/99. (56) U.S. patent application serial no. 10/078 921 attorney 
docket no. 25791.81. filed on 2/20/02, which is a divisional of U.S. patent number 

2^^:'!^'rTTr " ^""--V '^^^^et no. 

25791.12.02. filed on 2/24/2000. which claims priority from provisional application 

60/121 .841.fi.ed on 2/26/99. (57)U.S. patent application serial no. 10/261.928 attorney 
doj*et no. 25791.82. filed on 10/1/02. which Is a divisional of U.S. patent number 

..7l?r;r'r docket no. 

25791.1 7X)2. filed on 6/7/2000. which claims priority from provisional application 60/137.998 
filed on 6/7/99. (58) U.S. patent application serial no. 10/079.276 . attorney docket no ' 
25791.83. filed on 2/20/02. which is a divisional of U.S. patent number 6.568.471 . which was 
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21 TT T"""" '"""^ ™- ^''S' '". «=« on 

.ppl«a.»„ s.™, no. 3„o™, .ocke. 25791.,7.02. ««. on 6/7/20^ Jich 

da-rs pnon^ Iran p^visional appllcafen 60/137.998, Bled on 6/7«9. (60) U S palei,. 
app-^alonsen^no. .0,092,46,, anomeydocKe.™. 2579,.65.f,le<.on3,7«2.w«chi„ 

Z^T" P"~n sena, no. 

10«6 .926 a«on«y dock., no. 25791.66. «ed on ,0/1/02, »hich Is a dMsiona, of U.S 
palen, nun*.r 6.557,640. which was «ed as palen, appllca«on sena. no. 09/586 946 
=««n.y dod». 26791.17.02. «led on 6/7/2000. which c1aln,s pnon^ f™m pn^^sional 

a..on,.>,do*e.n.. 2=791.87.02. «hl* dalms pnon^ from U.S. provisional paten, 
app^uons-ialno. «««38.99e. aaoneydod™, no. 2579,.67, fHed on ,1/12/01 (63)PCT 

2679 . 66, ^6 on 11/,2A„. (64, PCT ap^ifen US 08/1 ,765. «tad on 4/16/^8 a«on,oy 

n ii8 "r"rr°*"''^'^""^'^'---^^^^^^ 

«e^ on 5/12/08, a«on»vd«cke,no. 25791.90.0^ Which o^„„prton^,™„US 

eZTLT.^r^'^'^""- "'^^•"''-"-^<^«-2a79i.^,„^on 

6/2MI2. (66) PCT appLcalon US 02/39418, M on 12/10m2. attorney docket no 

r* '"^ "'""^ ^ "0. 

0M6544. Bted on 3/4«3, attorney doc*e, no. 25791.93.02. which cttns prtority from U S 

0^0 T"' r ' ' - 09/679,906 . Jon 

10«0. attomeydock^ no. 26791.37.02. which Caln-s phonty provisional pa en, 

^»Tr no- 2=791.37. «iedon 10/12/1999, (69) 

PCT ,pp.cton US 03ra4837.ffl«, on 2/2908. attorney docket no. 2579, 95,02 whch 

P""«y " S. piovislona, paten, appncatlon serial no. 60/868.829. attornt 
T "! T " •^^•"^Oon sens, 0/261 927 

6.557.640, wh.* was filed as pat^t appltation ser»l no. 09/668.946. attorney docket no 
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^791.17.02. filed o„ 6/7/2000, which claims prtontj, f™, p«vi,ion.l app«c«on 6W137 998 
*d Oh 6/7/99. (71, US. palen, appllca.on ^ „. ,«^2m. a«or„e,d«*e, ™ 

ZTl'T "^'"^ ' ° ~ °' ""^ "-'-S.'SWO, Which was 

6/7/2O0O. wh,ch Claims priori^, from p,„v«tonal appBcalion 60/137.998, died on 6ff/99 (72) 

10/1/02 Which is a divisional of U.S. palen. n^ber 6,557.6.0. which was niad as palsn, 
W^cato senalno. 09/588.946. a„o,na,docke, no. 25791.17.02. IH,d « 6/7/2000. whfch 
Claims pnonu, from provisional application 60/137.998. filed on 6/7/99. (73) U S patent 
applica^on serial no. 10/199.524. attorney docKe, no. 25791. ,00. filed on 7/19«2. which is 

acon,„ua.«,ofU.S. Patent N^t=er6.497.289. Which was filed ,sU.S Patent Appiicalton 
-31 no. 09/454,139, atte™, *c.e, no. 25791.03.02. «,ed on 12/3/1999. wh^^ 
pnonty fram provisional appliralion 60/1 , l .293. filed on 1 2/7/98. (74) PCT appiicaBon US 
0^10144, on 3«8«3, attorney docket no. 2579,.,0,.02, wloh c^J^l^ 
U.S. provisional patent application serial no. 60^72.632. attorney docket no. 25791 10, 
«led on4/,s02, (75) U.S. provisional patent application serial no. 60/412.542, attorney ' 

T" T'"^ " O^""'. <^ - 5/^03 

altemaydooke,™,. 25791.104.02. which claims priority from aS provistonal patent 
appkcatons^ialno. <KV380.147,alton«»docl«tno.25791.104.rH«<on5«2 (77)PCT 
appl^ton US 03/19993, fitedon6C4«,3, attorney *ok., no. 25791.106.02, wt^hiiml 

26791.106, lited on 7/19/02, (78) PCT appfcation US 03/13787, «ted on 5^3. attom«, 

docketno. 25791.107.02. Which Claims pnonty from uaprovistonalpatentapplication 
ser«l no. 60^87.486 . attorney docket no. 25791.107. lited on mom (79) l^T 

appli^Uon US 03/18530. nted on 6/11/03. attorney dod,e. no. 25791.108.02. whfch daims 

25791 108. Hied on 6/12/02. ,80) PCT application US 03/20694. nied on 7/1/03, attorney 
docketno. 25791.110.02. Which Claims pnonty fromUSprovisiona, patent applical 

US 03«,70, ted on 7/2/03. attorney dod<e,no, 2579,.„1.02. wh«h daims pnonty from 
US. prov-sronal patent appfcationsonal no. 60/399.240. attorney docket no. 25791 1, 
r-ed on 7/29/02, (82) U.S. provisional patent applioationsenal no. 60/412.487 attorney ' 
^ na 25791.112 tited on ^0^. ,83) US. provistonal patent application senal L. 
60/4 2.488, attorney docket no. 25791.114. lited on 9/20«,2. ,84) U.S. patem application 
senaino. 10/280.356, attorney docket no. 25791.115. «tedo„ ,0«6«2. whichisa 

continuation of U.S. pa,«,t m,mb,r 6.470.966. which w«, Bed a, patent application serial 
n.n,he,09/850,093.«ledo„5/7/0,.attomeydocke.«,. 25791.55,as.div^iona, 
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application of U.S. Patent Number 6.497.289. which was filed as U.S. Patent Application 
serial no. 09/454.139. attorney docket no. 26791.03.02. filed on 12^1999. which claims 
pnonty from provisional application 60/1 11.293. filed on 12/7/98. (85) U.S. provisional patent 
application serial no. 60/412.177, attorney docket no. 25791.117. filed on 9/20/02 (86) U S 
provisional patent application serial no. 60/412.653. attorney docket no. 25791.118. filed on 
9/20/02. (87) U.S. provisional patent application serial no. 60/405.610. attorney docket no 
25791.1 19. filed on 8/23/02. (88) U.S. provisional patent application serial no. 60/405 394 
attorney docket no. 25791 .120. filed on 8/23/02. (89) U.S. provisional patent application ' 
serial no. 60/412.544. attorney docket no. 25791.121. filed on 9/20/02. (90) PCT application 
US 03/24779. filed on 8/8/03. attorney docket no. 25791 .125.02. which claims priority from 
U.S. provisional patent application serial no. 60/407.442. attorney docket no 25791 125 
filed on 8/30/02. (91) U.S. provisional patent applicaUon serial no. 60/423.363 attorney ' 
docket no. 25791.126. filed on 12/10/02. (92) U.S. provisional patent application serial no 
60/412.196. attorney docket no. 25791.127. filed on 9/20/02. (93) U.S. provisional patent 
apphcation serial no. 60/412.187. attorney docket no. 25791.128. filed on 9/20/02 (94) U S 
provKional patent application serial no. 60/412.371. attorney docket no. 25791 129 filed on 
9/20/02. (95) U.S. patent application serial no. 10/382.325. attorney docket no. 25791 145 
filed on 3/5/03. which is a continuation of U.S. patent number 6.557.640. which was filed as 
patent application serial no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000 
which claims priority from provisional application 60/137.998. filed on 6/7/99 (96) U S 
patent application serial no. 10/624.842. attomey docket no. 25791.151. filed on 7/22/03 
which is a divisional of U.S. patent application serial no. 09/502.350. attomey docket no ' 
25791 .8.02. filed on 2/10/2000. which claims priority from provistonal appllcatton 60/1 19 61 1 
filed on 2/1 1/99. (97) U.S. provisional patent applicatfon serial no. 60/431.184. attomey ' 
docket no. 25791.157. filed on 12/5/02. (98) U.S. provisional patent applicalk,n serial no 
60/448.526. attomey docket no. 25791.185. filed on 2/18/03. (99) U.S. provisional patent 
appiication serial no. 60/461.539. attomey docket no. 25791.186. filed on 4/9/03. (100) U S 
provisional patent application serial no. 60/462.750. attorney docket no. 25791.193 filed on 
4/14/03. (101) U.S. provisional patent application serial no. 60/436.106. attomey docket no 
25791.200. filed on 12/23/02. (102) U.S. provisional patent application serial no. 60/442 942 
attomey docket no. 25791.213. filed on 1/27/03. (103) U.S. provisional patent application 
senal no. 60/442.938. attomey docket no. 25791.225. filed on 1/27/03. (104) U.S. provisional 
patent application serial no. 60/418.687. attorney docket no. 25791 .228. filed on 4/18/03 
(105) U.S. provisional patent application serial no. 60/454.896. attomey docket no 
25791.236. filed on 3/14/03. (106) U.S. provisional patent application serial no. 60/450 504 
attomey docket no. 25791.238. filed on 2/26/03. (107) U.S. provisional patent application ' 
serial no. 60/451.152. attomey docket no. 25791.239. filed on 3/9/03. (108) U.S. provisional 
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patent application serial no. 60/455.124. attorney docket no. 25791.241, filed on 3/17/03. 
(109) U.S. provisional patent application serial no. 60/453.678. attorney docket no. 
25791.253. filed on 3/11/03. (110) U.S. patent application serial no. 10/421.682. attorney 
docket no. 25791.256, filed on 4/23/03. which is a continuation of U.S. patent application 
serial no. 09/523.468. attorney docket no. 25791.11.02. filed on 3/10/2000. which claims 
priority from provisional application 60/124.042. filed on 3/11/99. (Ill) U.S. provisional 
patent application serial no. 60/457.965. attorney docket no. 25791.260. filed on 3/27/03. 
(112) U.S. provisional patent application serial no. 60/455.718. attorney docket no 
25791.262. filed on 3/18/03. (113) U.S. patent number 6.550.821. which was filed as patent 
application serial no. 09/811.734. filed on 3/19/01. (114) U.S. patent application serial no. 
10/436.467. attorney docket no. 25791.268. filed on 5/12/03. which is a continuation of U S 
patent number 6.604.763. which was filed as application serial no. 09/559.122 attorney 
docket no. 25791.23.02. filed on 4/26/2000. which claims priority from provisional application 
60/131.106. filed on 4/26/99. (115) U.S. provisional patent application serial no, 60/459 776 
attorney docket no. 25791.270. filed on 4/2/03. (116) U.S. provisional patent application 
serial no. 60/461.094. attorney docket no. 25791.272. filed on 4/8/03. (117) U.S. provisional 
patent application serial no. 60/461.038. attorney docket no. 25791.273. filed on 4/7/03. 
(118) U.S. provistonal patent application serial no. 60/463.586. attorney docket no 
25791.277. filed on 4/17/03. (119) U.S. provistonal patent appKcation serial no. 60/472 240 
attorney docket no. 25791.286. filed on 5/20/03. (120) U.S. patent application serial no' 
10/619.285. attorney docket no. 25791.292. filed on 7/14/03. which is a continuatfon-in-part 
of U.S. utility patent application serial no. 09/969.922. attorney docket no. 25791.69. filed on 
10/3/2001. which is a continuationnn-part application of U.S. patent no. 6.328.113. which 
was filed as U.S. Patent Application serial number 09/440.338. attorney docket number 
25791.9.02. filed on 11/15/99. which claims priority from provisional application 60/108 558 
fled on 1 1/16/98. (121) U.S. utility patent application serial no. 10/418.688. attorney dockel 
no. 25791.257. which was filed on 4/18/03. as a division of U.S. utility patent application 
senal no. 09/523.468. attorney docket no. 25791.11.02. filed on 3/10/2000. which claims 
priority from provisional application 60/124,042. filed on 3/11/99. and (122) PCT patent 
appycation serial no. PCT/US04/06246. attorney docket no. 25791.238.02. filed on 
2/26/2004. the disclosures of which are incorporated herein by reference. 

Background of the Invention 
r0OO4J This invention relates generally to oil and gas exploration, and in particular to 
forming and repairing wellbore casings to facilitate oil and gas exploration. 

Sumniary Of The Invention 
I0005I According to a first aspect of the present invention, there is provided a method of 
radially expanding and plastically defomiing a tubular member, comprising: positioning the 
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tubular member within a preexisting structure; positioning first and second adjustable 
expansion devices within the tubular member; radially expanding and plastically deforming a 
lower portion of the tubular member with the first adjustable expansion device to form a bell 
section; and radially expanding and plastically deforming a portion of the tubular member 
above the bell section with the second adjustable expansion device. 
I0006J Preferably, positioning the tubular member within a preexisting structure comprises: 
locking the tubular member to an expansion device. 

[0007J Preferably, radially expanding and plastically deforming a lower portion of the tubular 
member to form a bell section comprises: lowering the first expansion device out of an end 
of the tubular member; and pulling the first expansion device through the end of the tubular 
member. 



[0008] Preferably, radially expanding and plastically deforming a portion of the tubular 
member above the bell section comprises: lowering the second expansion device out of an 
end of the tubular member; and pulling the second expansion device through the end of the 
tubular member. 

{0009J Preferably, radially expanding and plastically deforming a portion of the tubular 
member above the bell section comprises: overlapping the portion of the tubular member 
above the bell section with an end of a preexisting tubular member; and pulling the second 
expansion device through the overlapping portions of the tubular member and the 

preexisting tubular member. 

[0010J Preferably, the method further comprises: Injecting a hardenable fluidic sealing 
material into an annulus between the expandable tubular member and the preexisting 

Structure. 

room Preferably, the method further comprises: cutting off an end of the expandable 

tubular member. 

[0012] Preferably, the method further comprises: supporting the tubular member and the 
first and second adjustable expansion devices within the preexisting structure; wherein 
radially expanding and plastically deforming a lower portion of the tubular member to form a 
bell section comprises: lowering the first adjustable expansion device out of the expandable 
tubular member; increasing the outside dimension of the first adjustable expansion device- 
and displacing the first adjustable expansion device upwardly relative to the expandable 
tubular member m times to radially expand and plastically deform m portions of the tubular 
member within the preexisting structure; and wherein the method further comprises- 
pressunzing an interior region of the tubular member above the first adjustable expansion 
device during the radial expansion and plastic deformation of the lower portion of the tubular 
member within the preexisting structure; positioning the first and second adjustable 
expansion devices within another tubular member; supporting the another tubular member 
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and the firsJ and second adjustable expansion devices within Ihe preexisting structure in 
overlapping relation to the tubular member; lowering the second adjustable expansion 
device relative to the another tubular member; increasing the outside dimension of the 
second adjustable expansion device; displacing the second adjustable expansion device 
upwardly relative to the another tubular member n times to radially expand and plastically 
deform n portions of the another tubular member within the preexisting structure; and 
pressurizing an interior region of the another tubular member above the second adjustable 
expansion device during the radial expansion and plastic deformation of the another tubular 
member within the preexisting stnjcture. 

[0013] Preferably, the method further comprises: supporting the tubular member and the 
first and second adjustable expansion devices within the preexisting structure; wherein 
radially expanding and plastically deforming a lower portion of the tubular member to form a 
bell section comprises: lowering the first adjustable expansion device out of the tubular 
member; increasing the outside dimension of the first adjustable expansion device; and 
displacing the first adjustable expansion device upwardly relative to the tubular member to 
radially expand and plastically defom, the lower portion of the tubular member wherein 
radially expanding and plastically deforming a portion of the tubular member above the bell 
section comprises: displacing the first adjustable expansion device and the second 
adjustable expansion device downwardly relative to the tubular member; decreasing the 
outside dimension of the first adjustable expansion device and increasing the outside 
dimension of the second adjustable expansion device: and displacing the second adjustable 
expansion device upwardly relative to the tubular member to radially expand and plastically 
deform portions of the tubular member above the lower portion of the tubular member and 
wherein the method further comprises: positioning the first and second adjustable expansion 
devices within another tubular member; supporting the another tubular member and the first 
and second adjustable expansion devices within the preexisting structure in overlapping 
relation to the tubular member; lowering the first adjustable expansion device out of the 
another tubular member; increasing the outside dimension of the first adjustable expansion 
device: displacing the first adjustable expansion device upwardly relative to the another 
tubular member to radially expand and plastically deform a lower portion of the another 
tubular member; displacing the first adjustable expansion device and the second adjustable 
expansion device downwardly relative to the another tubular member; decreasing the 
outside dimension of the first adjustable expansion device and increasing the outside 
dimension of the second adjustable expansion device; and displacing the second adjustable 
expansion device upwardly relative to the another tubular member to radially expand and 
plastically defom, portions of the another tubular member above the lower portion of the 
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another tubular member; wherein the outside dimension of the first adjustable expansion 
device is greater than the outside dimension of the second adjustable expansion device. 
(00141 Preferably, the method further comprises: supporting the tubular member and the 
first and second adjustable expansion devices within the preexisting structure; wherein 
radially expanding and plastically deforming a lower portion of the tubular member to form a 
bell section comprises: lowering the first adjustable expansion device out of the tubular 
member; increasing the outside dimension of the first adjustable expansion device; and 
displacing the first adjustable expansion device upwardly relative to the tubular member to 
radially expand and plastically deform the lower portion of the tubular member; wherein the 
method further comprises pressurizing an interior region of the expandable tubular member 
above the first adjustable expansion device during the radial expansion of the lower portion 
of the expandable tubular member by the first adjustable expansion device; wherein radially 
expanding and plastically deforming a portion of the tubular member above the bell section 
comprises: displacing the first adjustable expansion device and the second adjustable 
expansion device downwardly relative to the tubular member; decreasing the outside 
dimension of the first adjustable expansion device and increasing the outside dimension of 
the second adjustable expansion device; and displacing the second adjustable expansion 
device upwardly relative to the tubular member to radially expand and plastically deform 
portions of the tubular member above the lower portion of the tubular member; wherein the 
method further comprises: pressurizing an interior region of the tubular member above the 
second adjustable expansion device during the radial expansion of the portions of the 
tubular member above the lower portion of the tubular member by the second adjustable 
expansion device; positioning the first and second adjustable expansion devices within ■ 
another tubular member; supporting the another tubular member and the first and second 
adjustable expansion devices within the preexisting stmcture in overlapping relation to the 
tubular member; lowering the first adjustable expansion device out of the another tubular 
member; increasing the outside dimension of the first adjustable expansion device; 
displacing the first adjustable expansion device upwardly relative to the another tubular 
member to radially expand and plastically deform a lower portion of the another tubular 
member; pressurizing an interior region of the another tubular member above the first 
adjustable expansion device during the radial expansion of the lower portion of the another 
tubular member by the first adjustable expansion device; displacing the first adjustable 
expansion device and the second adjustable expansion device downwardly relative to the 
another tubular member; decreasing the outside dimension of the first adjustable expansion 
device and increasing the outside dimension of the second adjustable expansion device; 
displacing the second adjustable expansion device upwardly relative to the another tubular 
member to radially expand and plastically deform portions of the another tubular member 
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above the /ower portion of .he another tubular member; and pressurizing an interior region of 
the another tubular member above the second adjustable expansion device during the radial 
expansion of the portions of the another tubular member above the lower portion of the 
another tubular member by the second adjustable expansion device; wherein the outside 
dimension of the first adjustable expansion device is greater than the outside dimension of 
the second adjustable expansion device. 

100151 Preferably. ,he me»,od further comprises: pos«k.r,lr,g a p,„,a,i., of ouUir, elerr^nte 
w.h.n ,he lubular member; and Wr^ing u,. ^ etemeols info «,gasen,en, wifh »« 

tubular member. 

10016, P^ferably. ,he method fur«,er compr^es: a, leas, one of radially expanding a™, 
Pteslrcall), deforming a lower portion of »,e lubuia, member ,o fom, a bell section and radially 
expanduig and plastically defom»ng a portion of the tubular member above th. bell sec«on 
compnses: positioning a plurality of gripping elemenis within the tubular member and 
basing »le gripping elemenis into engagement with the tubular member 
100171 According to anotfte, aspect of the present invention, there is provided a system for 
rad^lly expanding and plastically deforming a tubular member, compnsing: means for 
posrtron,^ the tubular member within a preexisting structure: means for positioning first and 
secon^ adjustable expansion devices ^in the lubuia, member: mear,s for radial^, 
exparid^ and plasfically defending a lower portion o, the tubular member with the nrst 
ad,us„ le expansion device .0 fom, a bel sec««,: and mear» for radially expanding and 
P as„c^^ defaming a portion of the tubular member above the bell section with the second 
adjustable expansion device. 

[0018, Preferably, means for positioning the tubular member within a preexisting siruclure 

Z« expans^n devices. 
00 9 Preferably, means fo, radially expanding and plastically defomiing , ^we, ^ ^ 
he tuhular member to fom, a bell section compr^: means fo, lowering Ihe ««, expanse., 

through Ihe end of Ihe lubular member 

W P,ele«bly. means fo, radia«y expanding and plastically defom^ing a portion of the 
^bular member above the bell section compnses: means fo, lowertng the second expansion 

tZl expansion de»^ 

through the end of the tubular member. 

tmi, Pref^ab^r. means fo, ™dlally expanding and plastically defending a portion of the 

^ ZT T -^"^ "O"- the 

lubuh, membe, above me be. section with «, end of a preexisting tubular member and 

means for pulling the second expansion device through the overlapping portions of the 
lubular membe, and Ihe preexisling tubula, member 
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(0022J Preferably, the system further comprises: means for injecting a hardenable fluidic 
sealing material into an annulus between the expandable tubular member and the 

preexisting structure. 

[00231 Preferably, the system further comprises: means for cutting off an end of the 
expandable tubular member. 

[0024] Preferably, the system further comprises: means for supporting the tubular member 
and the first and second adjustable expansion devices within the preexisting structure: 
wherein means for radially expanding and plastically deforming a lower portion of the tubular 
member to form a bell section comprises: means for lowering the first adjustable expansion 
device out of the expandable tubular member; means for increasing the outside dimension of 
the first adjustable expansion device; and means for displacing the first adjustable expansion 
device upwardly relative to the expandable tubular member m times to radially expand and 
plastically deform m portions of the tubular member within the preexisting structure- and 
wherein the system further comprises: means for pressurizing an interior region of the 
tubular member above the first adjustable expansion device during the radial expansion and 
plastic deformation of the tubular member within the preexisting structure; means for 
positioning the second adjustable expansion device within another tubular member; means 
for supporting the another tubular member and the second adjustable expansion device 
within the preexisting stmcture in overiapping relation to the tubular member; means for 
lowering the second adjustable expansion device relative to the another tubular member 
means for increasing the outside dimension of the second adjustable expansion device- 
means for displacing the adjustable expansion device upwardly relative to the another 
tubular member n times to radially expand and plastically deform n portions of the another 
tubular member within the preexisting structure; and means for pressurizing an interior 
region of the another tubular member above the second adjustable expansion device during 
the radial expansion and plastic deformation of the another tubular member within the 
preexisting structure. 

10025] Preferably, the system further comprises: means for supporting the tubular member 
and the first and second adjustable expansion devices within the preexisting structure- 
wherein means for radially expanding and plastically deforming a lower portion of the tubular 
member to form a bell section comprises: means for lowering the first adjustable expansion 
device out of the tubular member; means for increasing the outside dimension of the first 
ad,ustable expansion device; and means for displacing the first adjustable expansion device 
upwardly relative to the tubular member to radially expand and plastically deform the lower 
portion of the tubular member; wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: means for 
displacing the first adjustable expansion device and the second adjustable expansion device 
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yn^y reteBve ,0 ,he .ubular n^-. „ea„s for decreas,„9 .he outsWe ^r,^ „, 
Ih. f,rs, adjustable expansion device and inc^aslng Ih. ouBlde dimension of ihe second 
ad,.s,ab. expansion device; and .neans ,o, dispiac*^ ,he second adjustable expansion 
dev,ce u^rdl, relative ,o ,be .ubular n.e.ber ,o radia.y expand and p«ca«y defo™ 
Por„„ns of ,he ,ub.,a, .e„,ber above ,he ,o»,r pcton of .he ,„buter memb.,; and wbe^in 
me syslem fo.her comprises: means for posihonlng .he W and second adWabie 
expans«>n dewces „l,hin another lubular member; means fo, supporting .he another tubuiar 
memt«r and the firs, and second adjustable expansion d.»ces wimin the p^exisUng 
s^cture ,n overiappmg relation to the .ubular member; means for lowering «,e firs, 
^ expansion device ou. o, ,he a„o.her .ubular member; means for i„creaslr« the 
ou^^ dimension o, the first adjustable expansion device; means for displacl,^ J,«, 
actius^ble expansion davfce upwardly relative to the another tubular member I radia.y 
expand ^ p,as„c^,y ^ , ^, ^ ^ ^^^^^ ^^^^ 

2^ the nrst a^stable expansion dev^ ^ the second adjustable expan.cn device 
downwardly relative to .he another tubular memben means for decreasing the outside 
*mens», Of ^e nrs, adjustable e^„s^„ device and increasing ,he ou,s«e d^ens^ o 

IZTdr T""" "^'^ -^"^^ -""^ 

ZZ^TT ^ " ^ '^"'y »P=nd and 

l-asteiUy defom, portions of .he a,„.her .*ul,r membe, above «,e lower portion of .he 

anchor .ubul ben whe,»„ the outside dlmen»on o, the ,rst adjusted exparL! 

0026) P^ferabV. the system further comprtse,; m,a,» for s„ppo,«„g the tubular m«.ber 
and the „rs. and second adjustable expansion de.^. ^ ^ ^ 

I r :r ^''^"^ ^ ~« ^ ^ .ubu^ 

member . form a be,, section comprtses: means for lowe,*^ ^ ^ 
devic out Of the tubutar member; means for i^easlng the outs«. dimension of L firs 
adjusta le expan.o„ device; means for displacing „r« adjustabl. expanslonlt 
upwardly re^uve to the tubular member to radially expand and plas«oa.y daL the Z 
portion Of the tubular memben where. system further comp^es means for pres^r^^ 
an «teno, region of the expandable tubular member above the P.. adjustable expanZ 

ttZt r Z ~ °' ^""'^ °' -"-^-^ 

d^^t TT ^" "-p^- '« 

d,sp*c»,g the „rst adjustabfe «^„sion c^ ^rxlthe second adjustable expansion device 
^rr^ re.,K« to the ^ memb.: means for d.ceas.g ,he ou.side dimens 

ad;us..b,e expansion dewce; and means for displacing the second adjustable expansion 
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device upwardly relative to the tubular member to radially expand and plastically deform 
portions of the tubular member above the lower portion of the tubular member; wherein the 
system further comprises: means for pressurizing an interior region of the tubular member 
above the second adjustable expansion device during the radial expansion of the portions of 
the tubular member above the lower portion of the tubular member by the second adjustable 
expansion device; means for positioning the first and second adjustable expansion devices 
within another tubular member; means for supporting the another tubular member and the 
first and second adjustable expansion devices within the preexisting structure in overlapping 
relation to the tubular member; means for lowering the first adjustable expansion device out 
of the another tubular member; means for increasing the outside dimension of the first 
adjustable expansion device; means for displacing the first adjustable expansion device 
upwardly relative to the another tubular member to radially expand and plastically deform a 
lower portion of the another tubular member; means for pressurizing an interior region of the 
another tubular member above the first adjustable expansion device during the radial 
expansion of the lower portion of the another tubular member by the first adjustable 
expansion device; means for displacing the first adjustable expansion device and the second 
adjustable expansion device downwardly relative to the another tubular member; means for 
decreasing the outside dimension of the first adjustable expansion device and increasing the 
outside dimension of the second adjustable expansion device; means for displacing the 
second adjustable expansion device upwardly relative to the another tubular member to 
radially expand and plastically deform portions of the another tubular member above the 
lower portion of the another tubular member; and means for pressurizing an interior region of 
the another tubular member above the second adjustable expansion device during the radial 
expansion of the portions of the another tubular member above the lower portion of the 
another tubular member by the second adjustable expansion device; wherein the outside 
dimension of the first adjustable expansion device is greater than the outside dimension of 
the second adjustable expansion device. 

[0027] Preferably, the system further comprises: means for positioning a plurality of cutting 
elements within the tubular member; and means for bringing the cutting elements into 
engagement with the tubular member. 

(00281 Preferably, at least one of means for radially expanding and plastically deforming a 
lower portion of the tubular member to form a bell section and means for radially expanding 
and plastically deforming a portion of the tubular member above the bell section comprises: 
means for positioning a plurality of gripping elements within the tubular member; and means 
for bringing the gripping elements into engagement with the tubular member. 



Brief Description of the Drawings 
10051] Fig. 1 is a fragmentary aoss-sectional illustration of an embodiment of a system 
for radially expanding and plastically deforming wellbore casing, including a tubular support 
member, a casing cutter, a ball gripper for gripping a wellbore casing, a force multiplier 
tension actuator, a safety sub, a cup sub, a casing lock, an extension actuator, a bell section 
adjustable expansion cone assembly, a casing section adjustable expansion cone assembly, 
a packer setting tool, a packer, a stinger, and an expandable wellbore casing, during the 
placement of the system within a wellbore. 

10052] Fig. 2 is a fragmentary cross-sectional illustration of the system of Fig. 1 during 
the subsequent displacement of the bell section adjustable expansion cone assembly, the 
casing section adjustable expansion cone assembly, the packer setting tool, the packer, and 
the stinger downwardly out of the end of the expandable wellbore casing and the expansion 
of the size of the bell section adjustable expansion cone assembly and the casing section 
adjustable expansfon cone assembly. 

I0053J Fig. 3 is a fragmentary cross-sectional illustration of the system of Fig. 2 during 
the subsequent operation of the tension actuator to displace the bell section adjustable 
expansion cone assembly upwardly into the end of the expandable wellbore casing to fonti a 
bell section in the end of the expandable wellbore casing. 

[0054] Fig. 4 is a fragmentary cross-sectional illustration of the system of Rg. 3 during 
the subsequent reduction of the beU sectfon adjustable expansion cone assembly. 
[0055J Rg. 5 is a fragmentary cross-sectional illustratbn of the system of Fig. 4 during 
the subsequent upward displacement of the expanded casing section adjustable expansion 
cone assembly to radially expand the expandable wellbore casing. 
(00561 Rg. 6 is a fragmentary cross-sectional illustratton of the system of Rg. 5 during 
the subsequent lowering of the tubular support member, casing cutter, ball gripper. a force 
multiplier tension actuator, safety sub, cup sub, casing lock, extension actuator, bell section 
adjustable expansion cone assembly, casing section adjustable expansion cone assembly, 
packer setting tool, packer, and stinger and subsequent setting of the packer within the 
expandable wellbore casing above the bell section. 

(0057J Fig. 7 is a fragmentary cross-sectional illustration of the system of Fig. 6 during 
the subsequent injection of fluidic materials into the system to displace the expanded casing 
section adjustable expansion cone assembly upwardly through the expandable wellbore 
casing to radially expand and plastically deform the expandable wellbore casing. 
I0OS8J Fig. 8 is a fragmentary cross-sectional illustration of the system of Fig. 7 during 
the subsequent injection of fluidic materials into the system to displace the expanded casing 
section adjustable expanswn cone assembly upwardly through the expandable wellbore 
casing and a surrounding preexisting wellbore casing to radially expand and plastically 
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delo™ me overlapping exp,„.tebl, ««,bore easing a«l Ihe su^^ndlng p«existlng 

wellbore casing. 

(00591 Rg gisafragmenla-y cross^eclional iteWi<„„r»„ system of Rg. 8 during 
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I0060I Flg ioisafragmenlary cross-soc,«,nali»«»a.lonof«>esyste„,ofFlg. 9d>,ri™ 
h.s.bse,uen„enK«,alof,hecu.offe«„„Meexpandabl,».l,b«.c.s.ng 
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ItH. I I. 11,, and '1Kara(rag™en.ao,«oss.seclionalandpe«paCI,eillusWl«onsolan 
exemplary embodimenl ol a casing culler assembly. 

I00«2i Fig. "Larefragmenlarycross-seaionalmuslralionsofanexemplai, 

11A2. 11B1 .0 1,B2, 1,C, 1,D. 11E. 11F. 11G, „H. Ill, „J. and 11K 

m<m Figs. ,2A, to ,2A4 and 12C, ,o ,X4 a„ fragmenlary cross^ona. 

illustralions of an exemplary embodimeni o( a ball gripper assembly 

!ra,«.^,r,2r'^'''^^*"°'''^'""''''-'~°'"»-^''° 

COOOq Figs. ,3A1 .. ,3A8and 1381 to13B7«.,ragmenU„ycross-sec»ona. 
*islral»ns of an exemplary embodimeni of a tension actuator assembly 

I'm Fi,.. "^'o14Ci.afr„m.nt»y^ss^„„„^3«cno.anex«.pla,y 
embodiment Of a packer setting tool assembly. 

*" "^'""^'"**^"«»-"^»»»''a«<»'0fan«,emp,a^ 
embodrment of a packer assembly. 

lOOMl Figs. 16A1 ,0 16A5. 16B1 to 16B5. 16C1 to 16C5. 1601 to 1605 leEl to ieE6 

SF, tc leFe, 1601 to 1606. and ,6„, lo 16H6. a„ l^entery coss-s^'^ 
-lus ratens of an exemplary embodlmen. of the op«atio„ of Ih. packersetting tooland me 
packer assembly of Figs. MA to 14C and 15-1 to 15-5. 

Detaited Description of the fllustfatlva Embodinwnb 
m,} Referring initially to Figs. --10. an exemplaor«nbodimentofasystem lOlbr 
rad,al^, expanding and plastically deforming a wellbore casing indudes a com«ntk,nal 
u^lar ^ 1 2 .aving an end that is coupled to an end of a cas^ cutter ..s«nbly ,4 
in an exemplary embodiment, lb, casing cutter assembly 14 may be. or may Include 
elemens. of one or more oonventtonal commercially availabte casing cultera for cutting 
wellbore casing, or equivalents thereof. 

rOOTOJ An end of a ball gripper assembly 16 is coupled to another end of the casing 
cutter assembly 14. In an exemplary embodiment, the ball gripper assembly ,4 may be. or 



may include elements, of one or more conventional commercially available ball grippers, or 
other types of gripping devices, for gripping wellbore casing, or equivalents thereof. 
I0071J An end of a tension actuator assembly 18 is coupled to another end of the ball 
gripper assembly 16. In an exemplary embodiment, the tension actuator assembly 18 may 
be. or may include elements, of one or more conventional commercially actuators, or 
equivalents thereof. 

10072] An end of a safety sub assembly 20 is coupled to another end of the tension 
actuator assembly 18. In an exemplary embodiment, the safety sub assembly 20 may be. or 
may include elements, of one or more conventional apparatus that provide quick connection 
and/or disconnection of tubular members, or equivalents thereof 
[0073] An end of a sealing cup assembly 22 is coupled to another end of the safety sub 
assembly 20. In an exemplary embodiment, the sealing cup assembly 22 may be. or may 
include elements, of one or more conventional sealing cup assemblies, or other types of 
sealing assemblies, that sealingly engage the interior surfaces of surrounding tubular 
members, or equivalents thereof. 

I0074J An end of a casing lock assembly 24 is coupled to another end of the sealing cup 
assembly 22. In an exemplary embodiment, the casing lock assembly 24 may be. or may 
include elements, of one or more conventional casing lock assemblies that lock the position 
of wellbore casing, or equivalents thereof. 

[0075] An end of an exienston actuator assembly 26 is coupled to another end of the 
casing lock assembly 24. in an exemplary embodiment, the extension actuator assembly 26 
may be, or may include elements, of one or more conventional actuators, or equivalents 
thereof 

[0076] An end of an adjustable bell sectfon expansion cone assembly 28 is coupled to 
another end of the extension actuator assembly 26. In an exemplary embodiment, the 
adjustable bell section expansion cone assembly 28 may be, or may include elements, of 
one or more conventional adjustable expansion devices for radially expanding and plastically 
deforming wellbore casing, or equivalents thereof 

[0077] An end of an adjustable casing expanston cone assembly 30 is coupled to 
another end of the adjustable bell section expanston cone assembly 28. In an exemplary 
embodiment, the adjustable casing expansion cone assembly 30 may be. or may include 
elements, of one or more conventional adjustable expansion devices for radially expanding 
and plastically deforming wellbore casing, or equivalents thereof. 
[0078] An end of a packer setting tool assembly 32 is coupled to another end of the 
adjustable casing expansion cone assembly 30. In an exemplary embodiment, the packer 
setting tool assembly 32 may be. or may include elements, of one or more convenUonal 



adjustable expansion devices for controlling the operation of a conventional packer, or 
equivalents thereof. 

[0079] An end of a stinger assembly 34 is coupled to another end of the packer setting 
tool assembly 32. In an exemplary embodiment, the stinger assembly 34 may be. or may 
include elements, of one or more conventional devices for engaging a conventional packer^ 
or equivalents thereof. 

[0080] An end of a packer assembly 36 is coupled to another end of the stinger 
assembly 34. In an exemplary embodiment, the packer assembly 36 may be, or may 
include elements, of one or more conventional packers. 

10081 J As illustrated in Fig. 1 , in an exemplary embodiment, during operation of the 
system 10. an expandable wellbore casing 100 is coupled to and supported by the casing 
lock assembly 24 of the system. The system 10 is then positioned within a wellbore 102 that 
traverses a subterranean formation 104 and includes a preexisting wellbore casing 106. 
I0082J As illustrated in Fig. 2. in an exemplary embodiment, the extension actuator 
assembly 26 is then operated to move the adjustable bell section expansion cone assembly 
28, adjustable casing expansion cone assembly 30. packer setting tool assembly 32. stinger 
assembly 34. packer assembly 36 downwardly in a direction 108 and out of an end of the 
expandable wellbore casing 100. After the adjustable bell sectk>n expansion cone assembly 
28 and adjustable casing expansion cone assembly 30 have been moved to a position out of 
the end of the expandable wellbore casing 100. the adjustable bell section expansion cone 
assembly and adjustable casing expansion cone assembly are then operated to increase the 
outside diameters of the expansion cone assemblies. In an exemplary embodiment, the 
increased outside diameter of the adjustable bell section expansion cone assembly 28 is 
greater than the increased outsMe diameter of the adjustable casing expansion cone 
assembly 30. 

I0083J As illustrated in Rg. 3. in an exemplary embodiment, the ball gripper assembly 16 
is then operated to engage and hold the position of the expandable tubular member 100 
stationary relative to the tubular support member 12. The tension actuator assembly 18 is 
then operated to move the adjustable bell section expansion cone assembly 28. adjustable 
casing expansion cone assembly 30. packer setting tool assembly 32. stinger assembly 34. 
packer assembly 36 upwardly in a direction 110 into and through the end of the expandable 
wellbore casing 100. As a result, the end of the expandable wellbore casing 100 is radially 
expanded and plastically defonned by the adjustable bell section expansion cone assembly 
28 to form a bell section 112. In an exemplary embodiment, during the operation of the 
system 10 described above with reference to Fig. 3. the casing lock assembly 24 may or 
may not be coupled to the expandable wellbore casing 1 00. 



r0084J In an exemplaiy embodiment, the length of the end of the expandable wellbore 
casing 100 that is radially expanded and plastically defomied by the adjustable bell section 
expansion cone assembly 28 is limited by the stroke length of the tension actuator assembly 
18. In an exemplary embodiment, once the tension actuator assembly 18 completes a 
stroke, the ball gripper assembly 16 is operated to release the expandable tubular member 
1 00. and the tubular support 12 is moved upwardly to pemiit the tension actuator assembly 
to be re-set. in this manner, the length of the bell section 1 12 can be further extended by 
continuing to stroke and then re-set the position of the tension actuator assembly 18. Note 
that, during the upward movement of the tubular support 12 to re-set the position of the 
tension actuator assembly 18. the expandable tubular wellbore casing 100 is supported by 
the expansion surfaces of the adjustable bell section expansion cone assembly 28. 
I0085J As illustrated in Fig. 4. in an exemplary embodiment, the casing lock assembly 24 
is then operated to engage and maintain the position of the expandable wellbore casing 100 
stationary relative to the tubular support 12. The adjustable bell section expansion cone 
assembly 28. adjustable casing expansion cone assembly 30. packer setting tool assembly 
32. stinger assembly 34. and packer assembly 36 are displaced downwardly into the bell 
section 112 in a direction 114 relative to the expandable wellbore casing 100 by operating 
the extension actuator 26 and/or by displacing the system 10 downwardly in the direction 
1 14 relative to the expandable wellbore casing. After the adjustable bell section expansion 
cone assembly 28 and adjustable casing expansion cone assembly 30 have been moved 
downwardly in the direction 1 14 into the bell section 1 12 of the expandable wellbore casing 
100. the adjustable bell section expansion cone assembly is then operated to decrease the 
outside diameter of the adjustable bell section expansion cone assembly In an exemplary 
embodiment, the decreased outside diameter of the adjustable bell section expansion cone 
assembly 28 is less than the increased outside diameter of the adjustable casing expansion 
cone assembly 30. In an exemplary embodiment, during the operation of the system 
Illustrated and described above with reference to Fig. 4. (he ball gripper 16 may or may not 
be operated to engage the expandable wellbore casing 100. 

[0086J As illustrated in Fig. 5. in an exemplary embodiment, the casing lock assembly 24 
.s then disengaged from the expandable wellbore casing 100 and fluidic material 1 16 is then 
mjected into the system 10 through the tubular support 12 to thereby pressurize an annulus 
1 18 defined within the expandable wellbore casing below the cup sub assembly 22. As a 
result, a pressure differential is created across the cup seal assembly 22 that causes the cup 
seal assembly to apply a tensile force in the direction 120 to the system 10. As a result the 
system 10 is displaced upwardly in the direction 120 relative to the expandable wellbore 
casing 100 thereby pulling the adjustable casing expansion cone assembly 30 upwardly in 
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Ihe direction 120 through the expandable wellbore casing thereby radially expanding and 
plastically deforming the expandable wellbore casing. 

[0087] In an exemplary embodiment, the tension actuator assembly 16 may also be 
operated during the injection of the fluidic material 116 to displace the adjustable casing 
expansion cone assembly 30 upwardly relative to the tubular support 12. As a result, 
additional expansion forces may be applied to the expandable wellbore casing 100. 
[0088] As illustrated in Fig. 6. in an exemplary embodiment, the radial expansion and 
plastic deformation of the expandable wellbore casing using the adjustable casing expansion 
cone assembly 30 continues until the packer assembly 36 is positioned within a portion of 
the expandable tubular member above the bell section 112. The packer assembly 36 may 
then be operated to engage the interior surface of the expandable wellbore casing 100 
above the bell section 112. 

[0089] In an exemplary embodiment, after the packer assembly 36 is operated to 
engage the interior surface of the expandable wellbore casing 100 above the bell section 
112. a hardenable fluidic sealing material 122 may then be injected into the system 10 
through the tubular support 12 and then out of the system through the packer assembly to 
thereby pemiit the annulus between the expandable wellbore casing and the wellbore 102 to 
be filled with the hardenable fluidic sealing material. The harxJenable fluidic sealing material 
122 may then be albwed to cure to form a fluid tight annulus between the expandable 
wellbore casing 100 and the wellbore 102, before, during, or after the completion of the 
radial expansion and plastic defomration of the expandable wellbore casing. 
[0090] As illustrated in Fig. 7. in an exemplary embodiment, the fluidic material 1 16 is 
then re-Injected Into the system 10 through the tubular support 12 to thereby re-pressurize 
the annulus 1 18 defined within the expandable wellbore casing below the cup sub assembly 
22. As a result, a pressure differential is once again created across the cup seal assembly 
22 that causes the cup seal assembly to once again apply a tensile force in the direction 120 
to the system 10. As a result, the system 10 is displaced upwardly in the direction 120 
relative to the expandable wellbore casing 100 thereby pulling the adjustable casing 
expansion cone assembly 30 upwardly in the direction 120 through the expandable wellbore 
casing thereby radially expanding and plastically deforming the expandable wellbore casing 
and disengaging the stinger assembly 34 from the packer assembly 36. In an exemplary 
embodiment, during this operational mode, the packer assembly 36 prevents the flow of 
fluidic materials out of the expandable wellbore casing 100. As a result, the pressurization of 
the annulus 118 is rapid and efficient thereby enhancing the operational efficiency of the 
subsequent radial expansion and plastic deformation of the expandable wellbore casing 100. 
[0091] In an exemplary embodiment, the tension actuator assembly 16 may also be 
operated during the re-injection of Ihe ftuidic material 116 to displace the adjustable casing 



expansion cone assembly 30 upwardly relative to the tubular support 12. As a result, 
additional expansion forces may be applied to the expandable wellbore casing 100. 
I0092J As illustrated in Fig. 8. in an exemplary embodiment, the radial expansion and 
plastic defomiation of the expandable wellbore casing using the adjustable casing expansion 
cone assembly 30 continues until the adjustable casing expansion cone assembly 30 
reaches the portion 124 of the expandable wellbore casing 100 that overlaps with the 
preexisting wellbore casing 106. At which point, the system 10 may radially expand the 
portion 124 of the expandable wellbore casing 100 that overlaps with the preexisting 
wellbore casing 106 and the surrounding portion of the preexisting wellbore casing. 
Consequently, in ar, exemplary embodiment, during the radial expansion of the portion 124 
of the expandable wellbore casing 100 that overlaps with the preexisting wellbore casing 
106. the tension actuator assembly 16 is also operated to displace the adjustable casing 
expansion cone assembly 30 upwardly relative to the tubular support 12. As a result, 
additional expansion forces may be applied to the expandable wellbore casing 100 aitd the 
preexisting wellbore casing 106 during the radial expansion of the portion 1 24 of the 
expandable wellbore casing that overlaps with the preexisting wellbore casing. 
[00931 As illustrated in Fig. 9. in an exemplary embodiment, the entire length of the 
portion 124 of the expandable wellbore casing 1 00 that overlaps with the preexisting 
wellbore casing 106 is not radially expanded and plastically deformed. Rather, only part of 
the portion 124 of the expandable wellbore casing 100 that overlaps with the preexisting 
wellbore casing 106 Is radially expanded and plastically deformed. The remaining part of the 
portion 124 of the expandable wellbore casing 100 that overlaps with the preexisting 
wellbore casing 106 Is then cut away by operating the casing cutter assembly 14. 
[0094] As illustrated in Fig. 10. the remaining part of the portion 124 of the expandable 
wellbore casing 100 that overlaps with the preexisting wellbore casing 106 that is cut away 
by operating the casing cutter assembly 14 is then also carried out of the wellbore 102 using 
the casing cutter assembly. 

[00951 Furthermore, in an exemplary embodiment, the Inside diameter of the 
expandable wellbore casing 100 above the bell section 112 is equal to the inside diameter of 
the portion of the preexisting wellbore casing 106 that does not overiap with the expandable 
wellbore casing 100. As a result, a wellbore casing is constructed that includes overtapping 
wellbore casings that together define an internal passage having a constant cross-sectional 
area. 

[0096] In several exemplary embodiments, the system 10 includes one Or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. Patent Number 
6.497.289. which was filed as U.S. Patent Application serial no. 09/454.139. attorney docket 
no. 25791.03.02. filed on 12/3/1999. which claims priority from provisional application 



60/111.293. filed on 12/7/98, (2) U.S. patent application serial no. 09/510,913, attorney 
docket no. 25791 .7.02. filed on 2/23/2000. which claims priority from provisional application 
60/121.702. filed on 2/25/99, (3) U.S. patent application serial no. 09/502.350, attorney 
doclcet no. 25791.8.02. filed on 2/10/2000. which claims priority from provisional application 
60/119.61 1. filed on 2/1 1/99. (4) U.S. patent no. 6.328,113. which was filed as U.S. Patent 
AppBcation serial number 09/440,338. attorney docket number 25791.9.02, filed on 
1 1/15/99. which claims priority from provisional application 60/108,558. filed on 11/16/98. (5) 
U.S. patent application serial no. 10/169.434. attorney docket no. 25791.10.04, filed on 
7/1/02. which claims priority from provisional application 60/183.546. filed on 2/18/00. (6) 
U.S. patent application serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/11/99. (7) 
U.S. patent number 6,568,471. which was filed as patent application serial no. 09/512.895, 
attorney docket no. 25791.12.02. filed on 2/24/2000. which claims priority from provisional 
application 60/121.841. filed on 2/26/99. (8) U.S. patent number 6.575,240. which was filed 
as patent application serial no. 09/51 1 ,941. attorney docket no. 25791.16.02, filed on 
2/24/2000, which claims priority from provisional application 60/121,907, filed on 2/26/99. (9) 
U.S. patent number 6,557.640. which was filed as patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000. which claims priority from provisional 
application 60/137,998, filed on 6/7/99, (10) U.S. patent application serial no. 09/981,916, 
attorney docket no. 25791.18, filed on 10/18/01 as a continuation-in-part application of U.S. 
patent no. 6,328,1 13, which was filed as U.S. Patent Application serial number 09/440,338, 
attorney docket number 25791.9.02, filed on 11/15/99, which claims priority from provisional 
applicatfon 60/108,558, filed on 11/16/98, (11) U.S. patent number 6,604,763. which was 
filed as application serial no. 09/559,122. attorney docket no. 25791.23.02, filed on 
4/26/2000. whfch claims priority from provisional applicatton 60/131,106, filed on 4/26/99. 
(12) U.S. patent applicatnn serial no. 10/030,593. attorney docket no. 25791.25.08, filed on 
1/8/02. which claims priority from provisional application 60/146.203, filed on 7/29/99, (13) 
U.S. provisional patent application serial no. 60/143,039. attorney docket no. 25791.26, filed 
on 7/9/99. (14) U.S. patent application serial no. 10/111.982. attorney docket no. 
25791.27.08. filed on 4/30/02. which claims priority from provisional patent application serial 
no. 60/162.671. attorney docket no. 25791.27. filed on 11/1/1999. (15) U.S. provisional 
patent application serial no. 60/154,047. attorney docket no. 25791.29. filed on 9/16/1999. 
(16) U.S. provisional patent application serial no. 60/438.828. attorney docket no. 25791.31. 
filed on 1/9/03, (17) U.S. patent number 6,564,875. which was filed as application serial no. 
09/679.907. attorney docket no. 25791.34.02. on 10/5/00. which claims priority from 
provisional patent application serial no. 60/159,082. attorney docket no. 25791 .34. filed on 
10/12/1999. (18) U.S. patent applicaUon serial no. 10/089,419, filed on 3/27/02, attorney 



docket no. 25791.36.03, which claims priority from provisional patent application serial no. 
60/159,039. attomey docket no. 25791.36. filed on 10/12/1999. (19) U.S. patent application 
serial no. 09/679.906. filed on 10/5/00. attomey docket no. 25791.37.02. which claims 
priority from provisional patent application serial no. 60/159.033, attorney docket no. 
25791.37. filed on 10/12/1999, (20) U.S. patent application serial no. 10/303.992. filed on 
1 1/22/02. attorney docket no. 25791 .38.07. which claims priority from provisional patent 
application serial no. 60/212.359, attorney docket no. 25791.38, filed on 6/19/2000. (21) U.S. 
provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
11/12/1999. (22) U.S. provisional patent application serial no. 60/455.051. attorney docket 
no. 25791.40, filed on 3/14/03, (23) PCT application US02/2477, filed on 6/26/02, attorney 
docket no. 25791.44.02, which claims priority from U.S. provisional patent application serial 
no. 60/303.711, attomey docket no. 25791.44, filed on 7/6/01. (24) U.S. patent application 
serial no. 10/311,412, filed on 12/12/02, attorney docket no. 25791.45.07. which claims 
priority from provisional patent application serial no. 60/221.443. attorney docket no. 
25791.45, filed on 7/28/2000, (25) U.S. patent application serial no. 10/. filed on 12/18/02. 
attorney docket no. 25791.46.07, which claims priority from provisional patent application 
serial no. 60/221,645. attomey docket no. 25791.46. filed on 7/28/2000, (26) U.S. patent 
application serial no. 10/322,947. filed on 1/22/03, attorney docket no. 25791.47.03, which 
claims priority from provisional patent application serial no. 60/233.638. attomey docket no. 
25791.47, filed on 9/18/2000, (27) U.S. patent application serial no. 10/406.648, filed on 
3/31/03. attorney docket no. 25791.48.06, virtiich claims priority from provisional patent 
application serial no. 60/237.334. attomey docket no. 25791.48, filed on 10/2/2000, (28) 
PCT application US02/04353, filed on 2/14/02, attomey docket no. 25791.50.02. which 
claims priority from U.S. provisional patent application serial no. 60/270,007, attomey docket 
no. 25791.50, filed on 2/20/2001. (29) U.S. patent application serial no. 10/465.835. filed on 
6/13/03, attorney docket no. 25791.51.06. which claims priority from provisional patent 
application serial no. 60/262.434, attomey docket no. 25791.51. filed on 1/17/2001. (30) U.S. 
patent application serial no. 10/465.831, filed on 6/13/03. attorney docket no. 25791.52.06, 
which claims priority from U.S. provisional patent application serial no. 60/259.486, attorney 
docket no. 25791.52. filed on 1/3/2001, (31) U.S. provisional patent application serial no. 
60/452.303, filed on 3/5/03. attomey docket no. 25791.53, (32) U.S. patent number 
6,470.966, which was filed as patent application serial number 09/850,093, filed on 5/7/01, 
attorney docket no. 25791 .55, as a divisional application of U.S. Patent Number 6,497.289. 
which was filed as U.S. Patent Application serial no. 09/454.139. attorney docket no. 
25791.03.02, filed on 12/3/1999, which claims priority from provisional application 
60/111,293, filed on 12/7/98. (33) U.S. patent number 6,561.227. which was filed as patent 
application serial number 09/852,026 , filed on 5/9/01, attorney docket no. 25791.56. as a 
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divisional application of U.S. Patent Number 6.497.289. which was filed as U.S. Patent 
Application serial no. 09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999. 
which claims priority from provisional application 60/11 1.293, filed on 12/7/98. (34) U.S. 
patent application serial number 09/852.027, filed on 5/9/01. attorney docket no. 25791.57, 
as a divisional application of U.S. Patent Number 6,497,289. which was filed as U.S. Patent 
Application serial no. 09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999, 
which claims priority from provisional application 60/111,293, filed on 12/7/98, (35) PCT 
Application US02/25608, attorney docket no. 25791.58.02, filed on 8/13/02. which claims 
priority from provisional application 60/318,021, filed on 9/7/01, attorney docket no. 
25791 .58, (36) PCT Application US02/24399. attorney docket no. 25791 .59.02, filed on 
8/1/02, which claims priority from U.S. provisional patent application serial no. 60/313,453, 
attorney docket no. 25791 .59, filed on 8/20/2001 , (37) PCT Application US02/29856, 
attorney docket no. 25791.60.02, filed on 9/1 9/02, which claims priority from U.S. provisional 
patent application serial no. 60/326,886, attorney docket no. 25791.60, filed on 10/3/2001, 
(38) PCT Application US02/20256, attorney docket no. 25791.61.02, filed on 6/26/02, which 
claims priority from U.S. provisional patent application serial no. 60/303.740, attorney docket 
no. 25791.61. filed on 7/6/2001, (39) U.S. patent application serial no. 09/962,469. filed on 
9/25/01, attorney docket no. 25791.62. which is a divisional of U.S. patent application serial 
no. 09/523,468. attomey docket no. 25791.11.02, filed on 3/10/2000. which claims priority 
from provisional applicatkjn 60/124.042, filed on 3/11/99. (40) U.S. patent application serial 
no. 09/962,470, filed on 9/25/01. attomey docket no. 25791.63, which is a divisional of U.S. 
patent application serial no. 09/523,468, attomey docket no. 25791.11.02, filed on 
3/10/2000. which claims priority from provisional application 60/124.042. filed on 3/1 1/99, 
(41) U.S. patent applicatton serial no. 09/962,471, filed on 9/25/01, attorney docket no. 
25791.64, which is a divisional of U.S. patent application serial no. 09/523,468, attomey 
docket no. 25791.11.02. filed on 3/10/2000, which claims priority firom provisional application 
60/124,042, filed on 3/1 1/99. (42) U.S. patent application serial no. 09/962,467. filed on 
9/25/01, attorney docket no. 25791.65, which is a divisional of U.S. patent application serial 
no. 09/523.468. attorney docket no. 25791.1 1.02, filed on 3/10/2000, which claims priority 
from provisional application 60/124.042. filed on 3/1 1/99, (43) U.S. patent application serial 
no. 09/962.468, filed on 9/25/01. attorney docket no. 25791.66, which is a divisional of U.S. 
patent application serial no. 09/523.468. attomey docket no. 25791.11.02. filed on 
3/10/2000. which claims priority from provisional application 60/124.042, filed on 3/11/99, 
(44) PCT application US 02/25727, filed on 8/14/02. attorney docket no. 25791.67.03. which 
claims priority from U.S. provtstonal patent application serial no. 60/317.985, attorney docket 
no. 25791.67. filed on 9/6/2001, and U.S. provisional patent application serial no. 
60/318,386. attomey docket no. 25791.67.02. filed on 9/10/2001. (45) PCT application US 

2.t 



02/39425. filed on 12/10/02. attorney docket no. 25791.68.02. which claims priority from 
U.S. provisional patent application serial no. 60/343.674 . attorney docket no. 25791.68. 
filed on 12/27/2001. (46) U.S. utility patent applicatfon serial no. 09/969.922. attorney docket 
no. 25791.69. filed on 10/3/2001. which is a continuation-in-part application of U.S. patent 
no. 6.328.1 13. which was filed as U.S. Patent Application serial number 09/440.338. 
attorney docket number 25791 .9.02. filed on 1 1/15/99. which claims priority from provisional 
application 60/108.558. filed on 1 1/16/98. (47) U.S. utility patent application serial no. 
10/516.467. attorney docket no. 25791.70. filed on 12/10/01. which is a continuation 
application of U.S. utility patent application serial no. 09/969.922. attorney docket no. 
25791.69. filed on 10/3/2001. which is a continuation-in-part application of U.S. patent no. 
6.328.113. which was filed as U.S. Patent Application serial number 09/440.338. attorney 
docket number 25791.9.02. filed on 1 1/15/99. which claims priority from provisional 
appllcatkJn 60/108,558. filed on 1 1/16/98. (48) PCT applicatfon US 03/00609. filed on 1/9/03. 
attorney docket no. 25791.71.02. which claims priority from U.S. provisional patent 
application serial no. 60/357.372 . attorney docket no. 25791.71. filed on 2/15/02. (49) U.S. 
patent application serial no. 10/074.703. attorney docket no. 25791 .74. filed on 2/1 2/02, 
whfeh is a divisional of U.S. patent number 6,568.471. which was filed as patent application 
serial no. 09/512.895. attorney docket no. 25791.1Z02. filed on 2/24/2000. which claims 
priority from provisional application 60/121,841. filed on 2/26/99. (50) U.S. patent application 
serial no. 10/074.244. attorney docket no. 25791.75. filed on 2/12/02. whteh is a divisional of 
U.S. patent number 6.568.471. which was filed as patent application serial no. 09/512.895. 
attorney docket no. 25791.12.02. filed on 2/24/2000. which claims priority from provistonal 
application 60/121.841. filed on 2/26/99. (51) U.S. patent application serial no. 10/076.660. 
attorney docket no. 25791.76. filed on 2/15/02. which is a divisional of U.S. patent numbed 
6.568.471. which was filed as patent application serial no. 09/512.895, attorney docket no. 
25791.12.02. filed on 2/24/2000. which claims priority from provisional application 
60/121.841. filed on 2/26/99. (52) U.S. patent application serial no. 10/076,661. attorney 
docket no. 25791.77. filed on 2/15/02. which is a divisional of U.S. patent number 
6.568.471. which was filed as patent application serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000. which claims priority from provisional application 
60/121.841, filed on 2/26/99. (53) U.S. patent application serial no. 10/076.659. attorney 
docket no. 25791.78. filed on 2/15/02. which is a divisional of U.S. patent number 
6.568.471. which was filed as patent application serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000. which claims priority from provisional application 
60/121.841. filed on 2/26/99. (54) U.S. patent application serial no. 10/078.928. attorney 
docket no. 25791.79. filed on 2/20/02. which is a divisional of U.S. patent number 
6.568.471. which was filed as patent application serial no. 09/512.895. attorney docket no. 
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25791.12.02. filed on 2/24/2000, which claims priority from provisional application 
60/121.841, filed on 2/26/99, (55) U.S. patent application serial no. 10/078.922. attorney 
docket no. 25791.80. filed on 2/20/02, which is a divisional of U.S. patent number 
6.568,471, which was filed as patent application serial no. 09/512.895. attorney docket no. 
25791.12.02, filed on 2/24/2000. which claims priority from provisional application 
60/121,841. filed on 2/26/99. (56) U.S. patent application serial no. 10/078.921. attorney 
docket no. 25791.81. filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895. altomey docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (57) U.S. patent application serial no. 10/261.928, attorney 
docket no. 25791.82, filed on 10/1/02. which is a divisional of U.S. patent number 
6,557.640. which was filed as patent application serial no. 09/588.946. attomey docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137.998, 
filed on 6/7/99. (58) U.S. patent application serial no. 10/079.276 . attorney docket no. 
25791.83, filed on 2/20/02. which is a divisional of U.S. patent number 6,568.471 , which was 
filed as patent application serial no. 09/512.895, attorney docket no. 25791.12.02. filed on 
2/24/2000, which claims priority from provisional application 60/121.841. filed on 2/26/99. 
(59) U.S. patent applicatton serial no. 10/262.009. attorney docket no. 25791.84. filed on 
10/1/02, which is a divisional of U.S. patent number 6.557,640, which was filed as patent 
application serial no. 09/588.946, attomey docket no. 25791.17.02, filed on 6/7/2000. which 
claims priority fi^om provisional application 60/137.998. filed on 6/7/99, (60) U.S. patent 
application serial no. 10/092,481 . attomey docket no. 25791.85, filed on 3/7/02. which is a 
divisional of U.S. patent number 6.568.471, which was filed as patent application serial no. 
09/512,895. attomey docket no. 25791.12.02. filed on 2/24/2000. whkjh claims priority from 
provisional application 60/121.841, filed on 2/26/99. (61) U.S. patent application serial no. 
10/261,926, attomey docket no. 25791.86. filed on 10/1/02, which is a divisional of U.S. 
patent number 6.557.640, which was filed as patent application serial no. 09/588.946. 
attomey docket no. 25791.17.02. filed on 6/7/2000. which claims priority from provisional 
application 60/137.998. filed on 6/7/99. (62) PCT application US 02/36157, filed on 11/12/02. 
attorney docket no. 25791.87.02. which claims priority from U.S. provisional patent 
application serial no. 60/338,996. attomey docket no. 25791.87, filed on 1 1/12/01. (63) PCT 
application US 02/36267. filed on 1 1/12/02, attorney docket no. 25791 .88.02. which claims 
priority from U.S. provisional patent application serial no. 60/339,013, attomey docket no. 
25791.88. filed on 11/12/01, (64) PCT application US 03/1 1765. filed on 4/16/03, attorney 
docket no. 25791.89.02, which claims priority from U.S. provistonal patent application serial 
no. 60/383,917. attorney docket no. 25791.89. filed on 5/29/02. (65) PCT application US 
03/15020. filed on 5/12/03. attomey docket no. 25791.90.02. which daims priority from U.S. 



provisional patent application serial no. 60/391.703, attorney docket no. 25791.90, filed on 
6/26/02. (66) PCT application US 02/39418. filed on 12/10/02, attorney docket no. 
25791.92.02. which claims priority from U.S. provisional patent application serial no. 
60/346.309, attorney docket no. 25791.92. filed on 1/7/02, (67) PCT application US 
03/06544. filed on 3/4/03. attorney docket no. 25791.93.02. which claims priority from U.S. 
provisional patent application serial no. 60/372,048. attorney docket no. 25791 .93. filed on 
4/12/02, (68) U.S. patent application serial no. 10/331.718. attorney docket no. 25791.94. 
filed on 12/30/02, which is a divisional U.S. patent application serial no. 09/679.906. filed on 
10/5/00. attorney docket no. 25791.37.02. which claims priority from provisional patent 
application serial no. 60/159,033. attorney docket no. 25791.37. filed on 10/12/1999, (69) 
PCT application US 03/04837, filed on 2/29/03. attomey docket no. 25791.95.02. which 
claims priority from U.S. provisional patent application serial no. 60/363.829. attorney 
docket no. 25791.95, filed on 3/13/02. (70) U.S. patent application serial no. 10/261 .927. 
attomey docket no. 25791 .97, filed on 10/1/02, which is a divisional of U.S, patent number 
6,557.640, which was filed as patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137.998, 
filed on 6/7/99, (71) U.S. patent application serial no. 10/262,008, attomey docket no. 
25791.98, filed on 10/1/02, which is a divisional of U.S. patent number 6,557,640, which was 
filed as patent application serial no. 09/588,946, attomey docket no. 25791.17.02. filed on 
6/7/2000. which claims priority from provisional application 60/137.998, filed on 6/7/99, (72) 
U.S. patent application serial no. 10/261,925, attomey docket no. 25791.99. filed on 
10/1/02. which is a divisional of U.S. patent number 6,557,640, which was filed as patent 
application serial no. 09/588,946. attorney docket no. 25791.17.02. filed on 6/7/2000. which 
claims priority from provisional application 60/137.998. filed on 6/7/99, (73) U.S. patent 
application serial no. 10/199.524, attomey docket no. 25791.100, filed on 7/19/02. which is 
a continuation of U.S. Patent Number 6,497.289. which was filed as U.S. Patent Application 
serial no. 09/454.139. attomey docket no. 25791.03.02. filed on 12/3/1999. which claims 
priority from provisional application 60/111,293, filed on 12/7/98. (74) PCT application US 
03/10144, filed on 3/28/03. attorney docket no. 25791.101.02. which claims priority from 
U.S. provisional patent application serial no. 60/372,632, attomey docket no. 25791.101, 
filed on 4/15/02. (75) U.S. provisional patent application serial no. 60/412.542. attorney 
docket no. 25791.102. filed on 9/20/02. (76) PCT application US 03/14153. filed on 5/6/03, 
attorney docket no. 25791.104.02, which claims priority from U.S. provisional patent 
application serial no. 60/380.147, attorney docket no. 25791.104, filed on 5/6/02. (77) PCT 
application US 03/19993. filed on 6/24/03, attorney docket no. 25791.106.02. which claims 
priority from U.S. provisional patent application serial no. 60/397,284, attomey docket no. 
25791.106, filed on 7/19/02. (78) PCT application US 03/13787. filed on 5/5/03, attomey 
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docket no. 25791 107.02. which claims priority from U.S. provisional patent application 
serial no. 60/387.486 . attorney docket no. 25791.107. filed on 6/10/02. (79) PCT 
application US 03/18530. filed on 6/11/03. attorney docket no. 25791.108.02. which claims 
priority from U.S. provisional patent application serial no. 60/387.961. attorney docket no 
25791.108. filed on 6/12/02. (80) PCT application US 03/20694. filed on 7/1/03. attorney 
docket no. 25791 . 1 10.02. which claims priority from U.S. provisional patent application 
serial no. 60/398.061. attorney docket no. 25791.1 10. filed on 7/24/02. (81) PCT application 
US 03/20870. filed on 7/2/03. attorney docket no. 25791.1 11.02. which claims priority from 
U.S. provisional patent application serial no. 60/399.240. attorney docket no. 25791.11 1. 
filed on 7/29/02. (82) U.S. provisional patent application serial no. 60/412.487. attorney 
docket no. 25791 .1 12. filed on 9/20/02. (83) U.S. provisional patent application serial no. 
60/412.488. attorney docket no. 25791.1 14. filed on 9/20/02. (84) U.S. patent applicatfon 
serial no. 10/280.356. attomey docket no. 25791.115. filed on 10/25/02. which is a 
continuation of U.S. patent number 6.470.966. which was filed as patent application serial 
number 09/850.093. filed on 6/7/01. attomey docket no. 25791.55. as a divisional 
application of U.S. Patent Number 6.497.289. which was filed as U.S. Patent Application 
serial no. 09/454.139. attomey docket no. 25791.03.02. filed on 12/3/1999. which claims 
priority from provisional appDcation 60/1 1 1 .293. filed on 12/7/98. (85) U.S. provisional patent 
application serial no. 60/412.177. attomey docket no. 25791.1 17. filed on 9/20/02. (86) U.S. 
provisfonal patent application serial no. 60/412.653. attomey docket no. 25791.118. filed on 
9/20/02. (87) U.S. provisional patent applicaUon serial no. 60/405.610. attomey docket no 
25791.1 19. filed on 8/23/02. (88) U.S. provisional patent applicatton serial no. 60/405 394 
attomey docket no. 25791.120. filed on 8/23/02. (89) U.S. provisional patent application ' 
serial no. 60/412.544. attomey docket no. 25791.121. filed on 9/20/02. (90) PCT application 
US 03/24779. filed on 8/8/03. attorney docket no. 25791.125.02. which claims priority from 
U.S. provisional patent application serial no. 60/407.442. attomey docket no. 25791.125. 
filed on 8/30/02. (91) U.S. provisional patent application serial no. 60/423.363. attomey ' 
docket no. 25791.126. filed on 12/10/02. (92) U.S. provisional patent applfcation serial no. 
60/412.196. attomey docket no. 25791.127. filed on 9/20/02. (93) U.S. provisional patent 
application serial no. 60/412.187. attomey docket no. 25791.128. filed on 9/20/02. (94) U.S. 
provisional patent application serial no. 60/412.371, attorney docket no. 25791.129. filed on 
9/20/02. (95) U.S. patent application serial no. 10/382.325. attorney docket no. 25791.145. 
filed on 3/5/03. which is a continuation of U.S. patent number 6,557.640. which was filed as 
patent appfication serial no. 09/588.946. attomey docket no. 25791.17.02, filed on 6/7/2000. 
which claims priority from provisional application 60/1 37.998. filed on 6/7/99. (96) U.S. 
patent application serial no. 10/624.842. attomey docket no. 25791.151. filed on 7/22/03. 
which is a divisional of U.S. patent application serial no. 09/502.350, attomey docket no. 
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25791.8.02. filed on 2/10/2000. which claims priority from provisional application 60/119.611, 
filed on 2/1 1/99. (97) U.S. provisional patent application serial no. 60/431,184. attorney 
docket no. 25791 .157. filed on 12/5/02. (98) U.S. provisional patent application serial no. 
60/448.526. attorney docket no. 25791.185, filed on 2/18/03. (99) U.S. provisional patent 
application serial no. 60/461,539. attorney docket no. 25791.186, filed on 4/9/03. (100) U.S. 
provisional patent application serial no. 60/462.750. attorney docket no. 25791.193. filed on 
4/14/03. (101 ) U.S. provisional patent application serial no. 60/436.106, attorney docket no. 
25791.200. filed on 12/23/02. (102) U.S. provisional patent application serial no. 60/442.942, 
attorney docket no. 25791.213. filed on 1/27/03. (103) U.S. provisional patent application 
serial no. 60/442.938, attorney docket no. 25791.225. filed on 1/27/03, (104) U.S. provisional 
patent application serial no. 60/418.687. attorney docket no. 25791.228. filed on 4/18/03, 
(105) U.S. provisional patent application serial no. 60/454.896, attorney docket no. 
25791.236. filed on 3/14/03, (106) U.S. provisional patent application serial no. 60/450.504. 
attorney docket no. 25791.238, filed on 2/26/03, (107) U.S. provisional patent application 
serial no. 60/451.152, attorney docket no. 25791.239. filed on 3/9/03. (108) U.S. provisional 
patent application serial no. 60/455.124. attorney docket no. 25791.241. filed on 3/17/03. 
(109) U.S. provisional patent application serial no. 60/453,678. attorney docket no. 
25791.253, filed on 3/11/03, (110) U.S. patent application serial no. 10/421.682. attorney 
docket no. 25791.256, filed on 4/23/03, which is a continuation of U.S. patent application 
serial no. 09/523.468, attorney docket no. 25791.1 1.02, filed on 3/10/2000. which claims 
priority from provisfonal application 60/124.042, filed on 3/11/99. (Ill) U.S. provisional 
patent apptoation serial no. 60/457.965. attorney docket no. 25791.260, filed on 3/27/03. 
(1 12) U.S. provisional patent application serial no. 60/455.718. attomey docket no. 
25791.262. filed on 3/18/03. (113) U.S. patent number 6.550.821. which was filed as patent 
application serial no. 09/811.734. filed on 3/19/01. (114) U.S. patent application serial no. 
10/436.467. attorney docket no. 25791.268. filed on 5/12A)3. which is a continuation of U.S. 
patent number 6,604,763, which was filed as application serial no. 09/559,122, attorney 
docket no. 25791 .23.02. filed on 4/26/2000. which claims priority from provisional application 
60/131.106. filed on 4/26/99. (115) U.S. provisional patent application serial no. 60/459.776. 
attorney docket no. 25791.270. filed on 4/2/03. (116) U.S. provisional patent application 
serial no. 60/461.094. attomey docket no. 25791.272. filed on 4/8/03. (117) U.S. provisional 
patent application serial no. 60/461.038. attorney docket no. 25791.273. filed on 4/7/03. 
(118) U.S. provisional patent application serial no. 60/463,586, attomey docket no. 
25791.277. filed on 4/17/03. (119) U.S. provisional patent application serial no. 60/472.240, 
attomey docket no. 25791.286, filed on 5/20/03. (120) U.S. patent application serial no. 
10/619,285. attorney docket no. 25791.292. filed on 7/14/03. which is a continuation-in-part 
of U.S. utility patent application serial no. 09/969,922, attomey docket no. 25791.69. filed on 
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10/3/2001. which is a continuation-in-part application of U.S. patent no. 6.328.113. which 
was filed as U.S. Patent Application serial number 09/440.338. attorney docket number 
25791.9.02. filed on 1 1/15/99. which claims priority from provisional application 60/108 558 
filed on 1 1/16/98. and (121) U.S. utility patent application serial no. 10/418.688. attorney 
docket no. 25791 .257. which was filed on 4/18/03. as a division of U.S. utility patent 
application serial no. 09/523.468. attomey docket no. 25791.11.02. filed on 3/10/2000. which 
claims priority from provisional application 60/124.042. filed on 3/11/99. the disclosures of 
which are incorporated herein by reference. 

[0097] In an exemplary embodiment, the casing cutter assembly 14 is provided and 
operates substantially, at least in pari, as disclosed in PCT patent application serial number 
PCT/US03/29858. attomey docket number 25791.1 12.02. filed on 9/22/2003. the disclosure 
of which is incorporated herein by reference. 

[0098J In an exemplary embodiment, as illustrated in Figs. 1 1-1 and 1 1-2 1 1 A1 to 1 1/\2 
11B1 to 11B2. lie. 11D. 11E. 11F. 11G. 11H. 111. 11J. and 11K. the casing cutter 
assembly 14 includes an upper tubular tool joint 11002 that defines a longitudinal passage 
11002a and mounting holes. 11002b and 11002c. and includes an internal threaded 
connection 1 1002d. an inner annular recess 1 1002e. an inner annular recess 1 1002f. and 
an internal threaded connection 11002g. A tubular torque plate 1 1004 that defines a 
longitudinal passage 1 1004a and includes cfrcumferenlially spaced apart teeth 1 1 004b is 
received within, mates with, and is coupled to the internal annular recess 1 1002e of the 
upper tubular tool joint 1 1002. 

I0099J Circumferenlially spaced apart teeth 1 1006a of an end of a tubular lower mandrel 
11006 that defines a longitudinal passage 11006b. a radial passage llOOOba. and a radial 
passage 1 1006bb and includes an external threaded connection 1 1006c. an external flange 
1 1006d. an external annular recess 1 1006e having a step 1 1006f at one end. an external 
annular recess 1 1006g. external teeth 1 1006h. an external threaded connection 1 1006i and 
an external annular recess 1 1006j engage the circumferentially spaced apart teeth 1 1004b 
of the tubular torque plate 11004. An internal threaded connection 11 008a of an end of a 
tubular toggle bushing 11008 that defines a longitudinal passage 11008b. an upper 
longitudinal slot 11008c . a lower longitudinal slot 11008d. mounting holes. 11008e 11008f 
11008g. 11008h. 110081. 11008j. 11008k. 110081. 11008m. 11008n. IIOO80. 11008p 
11008q. 11008r. 11008s, 11008t. 11008u. 11008v. IIOOSw. 11008x. 11008xa.and 
11008xb. and includes an external annular recess 11008y. internal annular recess 11008z 
external annular recess 1 1008aa. and an external annular recess 1 1008ab receives and is' 
coupled to the external threaded connection 11006c of the tubular lower mandrel 1 1 006 
I0100J A sealing element 11010 is received within the external annular recess 11008y of 
the tubular toggle bushing 1 1 008 for sealing the interface between the tubular toggle 



bushing and the upper tubular tool Joint 1 1 002. A sealing element 11012 is received within 
the mternal annular recess 1 1 008z of the tubular toggle bushing 1 1008 for sealing the 
interface between the tubular toggle bushing and the tubular lower mandrel 1 1006. 
[0101J Mounting screws. 1 1014a and 1 1014b. mounted within and coupled to the 
mounting holes. 1 1008w and 1 1008x. respectively, of the tubular toggle bushing 1 1008 are 
also received within the mounting holes. 1 1002b and 1 1002c. of the upper tubular tool joint 
11002. IVIounting pins. 11016a. 11016b. 11016c. 11016d. and 11016e. are mounted within 
the mounting holes. 11008e. 1l008f. 11008g. 11008h. and 110081. respectively. Mounting 
pins. 11018a. 11018b. 11018c. H 01 8d. and 1101 8e. are mounted within the mounting 
holes. 110081. 11008s. 11008r. 11008q. and 11008p. respectively. Mounting screws. 
11020a and 11020b. are mounted within the mounting holes. 11008u and 11008v. 
respectively. 

I0102J A first upper toggle link 1 1022 defines mounting holes. 11022a and 1 1022b for 
receiving the mounting pins. 1 1016a and 1 1016b. and includes a mounting pin 1 1022c at 
one end. A first lower toggle link 1 1024 defines mounting holes. 1 1 024a. 1 1024b. and 
11024c. for receiving the mounting pins. 11022c. 11016c. and 11016d. respectively and 
includes an engagement arm 1 1024d. A first trigger 11026 defines a mounting hole 1 1026a 
for receiving the mounting pin 1 1016e and includes an engagement arm 1 1026b at one end 
an engagement member 1 1026c. and an engagement arm 1 1026d at another end. 
I0103J A second upper toggle link 1 1028 defines mounting holes. 1 1028a and 1 1028b 
for receiving the mounting pins. 11018a and 11018b. and includes a mounting pin 11028c at 
one end. A second lower toggle link 1 1030 defines mounting holes. 1 1030a. 1 1030b and 
11030c. for receiving the mounting pins. 11028c. 11018c. and 11018d. respectively and 
mcludes an engagement arm 1 lOSOd. A second trigger 1 1032 defines a mounting hole 
1 1032a for receiving the mounting pin 1 1018e and includes an engagement arm 1 1032b at 
one end. an engagement member 1 1032c. and an engagement am, 1 1 032d at another end 
£0104] An end of a tubular spring housing 1 1034 that defines a tongitudinal passage 
11034a. mounting holes. 11034b and 11034c. and mounting holes. 11034ba and 11034ca 
and mcludes an internal flange 1 1034d and an internal annular recess 1 1034e at one end ' 
and an internal flange 1 1034f. an internal annular recess 1 1034g. an internal annular recess 
11034h. and an external threaded connection 110341 at another end receives and mates 
with the end of the tubular toggle bushing 11008. Mounting screws. 11 035a and 11035b 
are mounted within and coupled to the mounting holes. 11008xb and 11008xa. respectively 
of the tubular toggle bushing 11 008 and are received within the mounting holes. 11034ba ' 
and 11034ca. respectively, of the tubular spring housing 11034. 

(01051 A tubular retracting spring ring 1 1036 that defines mounting holes. 1 1036a and 
1 1036b. receives and mates with a portion of the tubular lower mandrel 1 1006 and is 
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received wilWn and mates with a portion of the tubular spring housing 1 1034. I^ounting 
screws. 1 1 038a and 1 1038b. are mounted within and coupled to the mounting holes 
1 1036a and 1 1036b. respectively, of the tubular retracting spring ring 11036 and extend into 
the mounting holes. 11034b and 11034c. respectively, of the tubular spring housing 11034. 
101061 Casing diameter sensor springs. 11040a and 11040b. are positioned within the 
longitudinal slots. 1 1 008c and 1 1 08d. respectively, of the tubular toggle bushing 1 1008 that 
engage the engagement members. 11026c and 11032c. and engagement amis. 11026d and 
11032d. of the first and second triggers. 11026 and 11032. respectively. An inner flange 
1 1042a of an end of a tubular spring washer 11042 mates with and receives a portion of the 
tubular lower mandrel 1 1 006 and an end face of the inner flange of the tubular spring washer 
IS positioned proximate and end face of the external flange 1 1 006d of the tubular lower 
mandrel. The tubular spring washer 1 1042 is further received within the longitudinal 
passage 1 1034a of the tubular spring housing 1 1034. 

I0107J An end of a retracting spring 1 1044 that receives the tubular lower mandrel 
11006 is positioned within the tubular spring washer 1 1042 in contact with the internal flange 
1 1042a of the tubular spring washer and the other end of the retracting spring is posHioned 
in contact with an end face of the tubular retracting spring ring 11036. 
rOiOSI Asealing element 11046 is received within the external annular recess 11006j of 
the tubular lower mandrel 1 1006 for sealing the Interface between the tubular lower mandrel 
and the tubular spring housing 1 1034. A sealing element 11048 is received within the 
internal annubr recess 1 1034h of the tubular spnng housing 1 1 034 for sealing the interface 
between the tubular spring housing and the tubular lower mandrel 11006. 
[0109J An internal threaded connection 1 1050a of an end of a tubular upper hinge 
sleeve 1 1050 that includes an internal flange 1 1050b and an internal pivot 11050c receives 
and IS coupled to the external threaded connection 1 1 034i of the end of the tubular spring 
housing 11034. 

[01 10J An external flange 1 1 052a of a base member 1 1052b of an upper cam assembly 
1 1052. that ,s mounted upon and receives the lower tubular mandrel 1 1006. that includes an 
internal flange 1 1052c that is received within the external annular recess 1 1006e of the 
lower tubular mandrel 1 1006 and a plurality of circumferentially spaced apart cam arms 
1 1052d extending from the base member mates with and is received within the tubular upper 
hinge sleeve 1 1050. An end face of the base member 11052b of the upper cam assembly 
1 1052 IS coupled to an end face of the tubular spring housing 1 1034 and an end face of the 
external flange 1 1052a of the base member of the upper cam assembly 1 1052 is positioned 
in opposing relation to an end face of the internal flange 1 1 050b of the tubular upper hinge 
sleeve 11050. Each of the cam arms 1 1052d of the upper cam assembly 1 1052 include 
external cam surfaces 1 1052e. In an exemplary embodiment, the base member 1 1052b of 
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the upper cam assembly 1 1052 further includes axial teeth for interleaving with and 
engaging axial teeth provided on the end face of the tubular spring housing 1 1034 for 
transmitting torsional loads between the tubular spring housing and the upper cam 
assembly. 

[0111] A plurality of circumferentially spaced apart upper casing cutter segments 1 1054 
are mounted upon and receive the lower tubular mandrel 11006 and each include an 
extemal pivot recess 1 1054a for mating with and receiving the internal pivot 1 1050c of the 
tubular upper hinge sleeve 1 1050 and an extemal flange 11054b and are pivotally mounted 
within the tubular upper hinge sleeve and are interleaved with the circumferentially spaced 
apart cam arms 1 1052d of the upper cam assembly 1 1052. A casing cutter element 1 1056 
is coupled to and supported by the upper surface of each upper casing cutter segments 
11054 proximate the extemal flange 11 054b. 

101 12J A plurality of circumferentially spaced apart lower casing cutter segments 1 1 058 
are mounted upon and receive the lower tubular mandrel 1 1006. are interleaved among the 
upper casing cutler segments 1 1054. are substantially identical to the upper casing cutter 
segments, and are oriented In the opposite direction to the upper casing cutter segments. 
[0113] A lower cam assembly 11060 is mounted upon and receives the lower tubular 
mandrel 1 1006 that includes circumferentially spaced apart cam amis interieaved among the 
lower casing cutter segments 1 1058 is substantially identical to the upper cam assembly 
1 1052 with the addHion of mounting holes, 1 1060a, 1 1060b, 1 1060c. and 1 1060d. In an 
exemplary embodiment, the base member of the lower cam assembly 1 1060 further includes 
axial teeth for interleaving with and engaging axial teeth provided on the end face of the 
tubular sleeve 1 1066 for transmitting torsional loads between the tubular spring housing and 
the tubular sleeve. 

[01141 Mounting screws. 11062a, 11062b, 11062c.and 11 062e. are mounted within the 
mounting holes, 11060a, 11060b, 11060c. and 11060d, respectively, of the lower cam 
assembly 1 1060 and are received within the extemal annular recess 1 1006g of the lower 
cam assembly 11060. 

tO1 1 51 A tubular lower hinge sleeve 1 1 064 that receives the lower casing cutter 
segments 11058 and the lower cam assembly 11060 includes an internal flange 11064a for 
engaging the external flange of the base member of the lower cam assembly 1 1 060. an 
internal pivot 11064b for pivotally mounting the lower casing cutter segments within the 
tubular lower hinge sleeve, and an internal threaded connection 1 1064c. 
101 1 6] An external threaded connection 1 1 066a of an end of a tubular sleeve 1 1 066 that 
defines mounting holes, 1 1066b and 1 1066c, and includes an internal annular recess 
1 1066d having a shoulder 1 1066e, an intemal flange 1 1066f, and an intemal threaded 
connection 1 1066g at another end is received within and coupled to the intemal threaded 
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connection 1 1 064c of the tubular lower hinge sleeve 1 1064. An external threaded 
connection 1 1068a of an end of a tubular member 1 1068 that defines a longitudinal passage 
1 1068b and mounting holes. 1 1068c and 1 1068d. and includes an external annuldr recess 
1 1 068e. and an external threaded connection 1 1068f at another end is received within and 
is coupled to the internal threaded connection11066g of the tubular sleeve 11066. 
I0117J Mounting screws. 1 1070a and 1 1070b. are mounted in and coupled to the 
mounting holes. 1 1068c and 1 1068d. respectively, of the tubular member 1 1068 that also 
extend into the mounting holes. 11066b and 11066c. respectively, of the tubular sleeve 
1 1066. A sealing element 11072 is received within the external annular recess 1 1068e of 
the tubular member 1 1 068 for sealing the interface between the tubular member and the 
tubular sleeve 11066. 

10118) An internal threaded connection 1 1074a of a tubular retracting piston 11074 that 
defines a longitudinal passage 1 1074b and includes an internal annular recess 1 1074c and 
an external annular recess 11074d receives and is coupled to the external threaded 
connection 110061 of the tubular lower mandrel 11006. A sealing element 11076 is received 
within the external annular recess 1 1074d of the tubular retracting piston 1 1074 for sealing 
the interface between the tubular retracUng piston and the tubular sleeve 1 1066. A sealing 
etemeni 1 1078 is received within the internal annular recess 1 1074c of the tubular retracting 
piston 11074 for sealing the interface between the tubular retracting piston and the tubular 
lower mandrel 11006. 

[0119J Locking dogs 1 1080 mate with and receive the external teeth 1 1006h of the 
tubular lower mandrel 1 1006. A spacer ring 1 1082 is positioned between an end face of the 
locking dogs 11080 and an end face of the lower cam assembly 1 1060. A release piston 
1 1084 mounted upon the tubular lower mandrel 11006 defines a radial passage 11084a for 
mounting a burst disk 11086 includes sealing elements, 11084b. 11084c. and 11084d. The 
sealing elements, 11084b and 11084d, sealing the interface between the release piston 
1 1084 and the tubular lower mandrel 1 1006. An end face of the release piston 1 1084 is 
positioned in opposing relation to an end face of the locking dogs 1 1 080. 
roi20J A release sleeve 1 1 088 that receives and is mounted upon the locking dogs 
1 1080 and the release piston 11 084 includes an internal flange 1 1088a at one end that 
sealingly engages the tubular lower mandrel 1 1006. A bypass sleeve 1 1090 that receives 
and is mounted upon the release sleeve 11088 includes an internal flange 11090a at one 
end. 

10121] In an exemplary embodiment, during operation of the casing cutter assembly 14, 
the retracUng spring 1 1044 is compressed and thereby applies a biasing spring force in a 
direction 1 1092 from the lower tubular mandrel 1 1006 to the tubular spring housing 1 1034 
that, in the absence of other forces, moves and/or maintains the upper cam assembly 1 1052 
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and the upper casing cutter segments 1 1054 out of engagement with the lower casing cutter 
segments 1 1058 and the lower cam assembly 11060. In an exemplary embodiment, during 
operation of the casing cutter assembly 14. an external threaded connection 12A1 to 12A4 
of an end of the tubular support member 12 is coupled to the internal threaded connection 
1 1002d of the upper tubular tool joint 1 1002 and an internal threaded connection 16a of an 
end of the ball gripper assembly 16 is coupled to the external threaded connection 11068f of 
the tubular member 11 068. 

[01221 The upper cam assembly 1 1 052 and the upper casing cutter segments 1 1 054 
may be brought into engagement with the lower casing cutter segments 1 1058 and the 
lower cam assembly 1 1060 by pressurizing an annulus 1 1094 defined between the lower 
tubular mandrel 1 1006 and the tubular spring housing 1 1034. In particular, injection of fludic 
materials into the cam cutter assembly 14 through the longitudinal passage 1 1006b of the 
lower tubular mandrel 1 1006 and into the radial passage 1 1006ba may pressurize the 
annulus 1 1094 thereby creating sufficient operating pressure to generate a force in a 
direction 1 1096 sufficient to overcome the biasing force of the retracting spring 1 1 044. As a 
result, the spring housing 1 1034 may be displaced in the direction 1 1096 relative to the 
lower tubular mandrel 1 1006 thereby displacing the tubular upper hinge sleeve 1 1050. upper 
cam assembly 1 1052 , and upper casing cutter segments 1 1054 in the direction 1 1096. 
10123] In an exemplary embodiment, as illustrated in Fig. 1 1 L. the displacement of the 
upper cam assembly 1 1052 and upper casing cutter segments 11054 in the direction 11096 
will cause the lower casing cutter segments 1 1058 to ride up the cam sur^ces of the cam 
amis of the upper cam assembly 1 1052 while also pivoting about the lower tubular hinge 
segment 1 1064. and will also cause the upper casing cutter segments 1 1054 to ride up the 
cam surfaces of the cam anns of the lower cam assembly 1 1060 while also pivoting about 
the upper tubular hinge segment 11050. 

[01 24] In an exemplary embodiment, during the operation of the casing cutter assembly 
14. when the upper and lower casing cutter segments. 1 1054 and 1 1058. brought into axial 
alignment in a radially expanded position, the casing cutter elements of the casing cutter 
segments are brought into intimate contact with the interior surface of a preeselected portion 
of the expandable wellbore casing 1 00. The casing cutter assembly 14 may then be rotated 
to thereby cause the casing cutter elements to cut through the expandable wellbore casing. 
The portion of the expandable wellbore casing 100 cut away from the remaining portion on 
the expandable wellbore casing may then be carried out of the wellbore 102 with the cut 
away portion of the expandable wellbore casing supported by the casing cutter elements. 
I0125J In an exemplary embodiment, the upper cam assembly 1 1 052 and the upper 
casing cutter segments 1 1054 may be moved out of engagement with the lower casing 
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cutter segments 1 1058 and the lower cam assembly 1 1060 by reducing the operating 
pressure within the annulus 1 1094. 

10126] In an alternative embodiment, during operation of the casing cutter assembly 14, 
the upper cam assembly 11052 and the upper casing cutter segments 1 1054 may also be ' 
moved out of engagement with the lower casing cutter segments 1 1058 and the lower cam 
assembly 1 1060 by sensing the operating pressure within the longitudinal passage 1 1006b 
of the lower tubular mandrel 1 1006. In particular, if the operating pressure within the 
longitudinal passage 1 10D6b of the lower tubular mandrel 1 1006 exceeds a predetermined 
value, the burst disc 1 1086 will open thereby pressurizing the interior of the tubular release 
sleeve 11088 thereby displacing the tubular release sleeve downwardly away from 
engagement with the locking dogs 1 1080. As a result, the locking dogs 1 1080 are released 
from engagement with the lower tubular mandrel 1 1006 thereby permitting the lower casing 
cutter segments 11058 and the lower cam assembly 1 1060 to be displaced downwardly 
relative to the tower tubular mandrel. The retracting piston 1 1074 may then be displaced 
downwardly by the operating pressure thereby impacting the internal flange 1 1066f of the 
tower tubular mandrel 1 1066. As a result, the lower tubular mandrel 1 1066. the lower casing 
cutter segments 1 1058. the lower cam assembly 1 1 060. and tubular lower hinge sleeve 
1 1064 are displaced downwardly relative to the tubular spring housing 1 1034 thereby 
moving the lower casing cutter segments 1 1058 and the lower cam assembly 1 1060 out of 
engagement with the upper cam assembly 1 1052 and the upper casing cutter segments 
11054. 

10127) In an exemplary embodiment, during operatton of the casing cutter assembly 14. 
the casing cutter assembly 14 senses the diameter of the expandable wellbore casing 100 
using the upper toggle links. 1 1022 and 1 1028. lower toggto links. 11024 and 11 030, and 
triggers. 1 1026 and 1 1032, and then prevents the engagement of the upper cam assembly 
1 1052 and the upper casing cutter segments 1 1054 with the lower casing cutter segments 
1 1058 and the lower cam assembly 1 1060. In particular, anytime the upper toggle links. 
1 1022 and 1 1028. and lower toggle links. 1 1024 and 1 1030. are positioned within a portton 
of the expandable wellbore casing 100 that has not been radially expanded and plastically 
deformed by the system 10. the triggers. 11026 and 11032. will be maintained in a position 
in which the triggers will engage the internal flange 11034d of the end of the tubular spring 
housing 1 1034 thereby preventing the displacement of the tubular spring housing in the 
direction 1 1096. As a result, the upper cam assembly 1 1052 and the upper casing cutter 
segments 1 1054 cannot be brought into engagement with the lower casing cutter segments 
1 1058 and the tower cam assembly 1 1060. 

101281 Conversely, anytime the upper toggle links. 1 1022 and 1 1028. and lower toggle 
links. 1 1024 and 11030. are posittoned within a portton of the expandable wellbore casing 
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100 that has been radially expanded and plastically deformed by the system 10, the triggers. 
1 1026 and 1 1032. will be pivoted by the engagement anns. 1 1024d and 1 1030d. of the 
lower toggle links. 1 1024 and 1 1030. to a position in which the triggers will no longer engage 
the internal flange 1 1034d of the end of the tubular spring housing 1 1034 thereby permitting 
the displacement of the tubular spring housing in the direction 1 1096. As a result, the upper 
cam assembly 11 052 and the upper casing cutter segments 11054 can be brought into 
engagement with the lower casing cutter segments 11058 and the lower cam assembly 
11060. 

[0129] In an alternative embodiment, the elements of the casing cutter assembly 14 that 
sense the diameter of the expandable weilbore casing 100 may be disabled or omitted. 
[0130] in an exemplary embodiment, the ball gripper assembly 16 is provided and 
operates substantially, at least in part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US03/29859, attorney docket no. 25791.102.02. filed 
on 9/22/2003. and/or (2) PCT patent application serial number PCT/US03/14153, attorney 
docket number 25791.104.02, filed on 1 1/13/2003. the disclosures of which are incorporated 
herein by reference. 

(01311 In an exemplary embodiment, as illustrated in Figs. 12A1 to 12A4, 12B and 12C1 
to 12C4, the ball gripper assembly 16 includes an upper mandrel 1202 that defines a 
longiludinal passage 1202a and a radial passage 1202b and includes an internal threaded 
connection 1202c at one end. an external flange 1202d at an intermediate portion that 
Includes an external annular recess 1202e having a shoulder 1202f and an external radial 
hole 1202g. an external annular recess 1202h, an external annular recess 12021, an external 
annular recess 1202j having a tapered end 1202k including an external annular recess 
1202ka. an external annular recess 12021, and an external annular recess 1202m, and an 
external annular recess 1202n. an external radial hole 1202o, an extemal annular recess 
1202p, and an extemal annular recess 1202q at another end. 
[01321 An upper tubular bushing 1204 defines an internally threaded radial opening 
1204a and includes an external flange 1204b having an external annular recess 1204c and 
an internal annular recess 1204d mates with and recedes the extemal flange 1202d of the 
upper mandrel 1202. In particular, the Internal annular recess 1204d of the upper tubular 
bushing 1204 mates with the shoulder 1202f of the extemal annular recess 1202e of the 
upper mandrel 1202. A screw 1206 that is threadably coupled to the internally threaded 
radial opening 1204a of the upper tubular bushing 1204 extends into the extemal radial hole 
1202g of the external flange 1 202d of the upper mandrel 1202. 

[0133] A deactivation tubular sleeve 1 208 defines a radial passage 1 208a and includes 
an internal annular recess 1208b that mates with and receives an end of the extemal 
annular recess 1204c of the extemal flange 1204b of the upper tubular bushing 1204, an 
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internal annular recess 1208c that mates with and receives the external flange 1202d of the 
upper mandrel 1202, an internal annular recess 1208d, an internal annular recess 1208e, 
and an internal annular recess 1208f. A deactivation spring 1210 is received within an 
annulus 1212 defined between the internal annular recess 1208b of the deactivation tubular 
sleeve 1208. an end face of the external annular recess 1204c of the external flange 1204b 
of the upper tubular bushing 1204. and the external annular recess 1202h of the extemal 
flange 1202d of the upper mandrel 1202. 

[01341 A sealing member 1214 is received with the external annular recess 1202i of the 
external nange 1202d of the upper mandrel 1202 for sealing the interface between the upper 
mandrel and the deactivation tubular sleeve 1208. An annular spacer element 1216 is 
received within the extemal annular recess 1202ka of the tapered end 1202k of the external 
annular recess 1202j of the upper mandrel 1202. 

[01351 One or more inner engagement elements 1218a of a tubular coglet 1218 engage 
and are received within the external annular recess 1202ka of the tapered end 1202k of the 
extemal annular recess 1202j of the upper mandrel 1202 and one or more outer 
engagement elements 1218b of the coglet engage and are received within the internal 
annular recess 1208d of the deactivation tubular sleeve 1208. 

[01361 An extemal annular recess 1220a of an end of a tubular coglet prop 1220 that 
incliKles an inner flange 1220b receives and mates with the inner surfaces of the outer 
engagement elements 1218b of the coglet 1218. The end of the tubular coglet prop 1220 
further receives and mates with the extemal annular recess 1202j of the extemal flange 
1202d of the upper mandrel 1202. A sealing element 1222 is received within the extemal 
annular recess 12021 of the upper mandrel 1202 for sealing the interface between the upper 
mandrel and the tubular coglet prop 1220. 

[01371 An end of a tubular bumper sleeve 1224 that includes internal and external 
flanges. 1224a and 1224b. and a hole 1224c at another end mates with and receives the 
external annular recess 1202m of the extemal flange 1202d of the upper mandrel 1202. A 
coglet spring 1226 is received within an annulus 1228 defined between the external annular 
recess 1202m of the extemal flange 1202d of the upper mandrel 1202. the tubular coglet 
prop 1220, the inner flange 1220b of the tubular coglet prop, an end face of the tubular 
bumper sleeve 1224, and the internal annular recess 1208c of the deactivation tubular 
sleeve 1208. 

[01381 A tubular ball race 1228 that defines a plurality of tapered annular recesses 
1228a and an internally threaded radial opening 1228b and includes one or more axial 
engagement elements 1228c at one end and one or more axial engagement elements 
1228d at another end receives and mates with the other end of the upper mandrel 1202. In 
an exemplary embodiment, the axial engagement elements 1228c of the tubular ball race 



1228 are received within and are coupled to the hole 1224c of the tubular bumper sleeve 
1224. An end of a tubular activation sleeve 1230 that defines a plurality of radial openings 
1230a. a radial opening 1230b, a radial opening 1230c, and includes an internal annular 
recess 1230d receives and mates with the tubular ball race 1228. In an exemplary 
embodiment, an end face of an end of the tubular activation sleeve 1230 is positioned 
proximate and in opposing relation to an end face of an end of the deactivation sleeve 1208. 
In an exemplary embodiment, the radial openings 1230a are aligned with and positioned in 
opposing relation to con-esponding of tapered annular recesses 1228a of the tubular ball 
race 1228, and the radial openings are also narrowed in cross section in the radial direction 
for reasons to be described. 

[0139] Balls 1232 are received within each of the of tapered annular recesses 1228a 
and coresponding radial openings 1230a of the tubular ball race 1228 and tubular activation 
sleeve 1230. respectively. In an exemplary embodiment, the narrowed cross sections of the 
radial openings 1230a of the tubular activation sleeve 1230 will permit the balls 1232 to be 
displaced outwardly in the radial direction until at least a portion of the balls extends beyond 
the outer perimeter of the tubular activation sleeve to thereby pemit engagement of the balls 
with an outer stnjcture such as, for example, a wellbore casing. 

[01401 A lower mandrel 1234 that defines a longitudinal passage 1234a and an internally 
threaded radial passage 1234b atone end and includes internal annular recesses, 1234c 
and 1234d, for receiving and mating with the external annular recesses, 1202p and 1202q. 
of the upper mandrel 1202, an intemal annular recess 1234e, an external flange 1234f. and 
an externally threaded connection 1234g at another end. In an exemplary embodiment, as 
illustrated in Fig. 12B, the end of the lower mandrel 1234 further includes longitudinal 
recesses 1234h for receiving and mating with corresponding axial engagement elements 
1228d of the tubular ball race 1228. A sealing element 1235 is received within the intemal 
annular recess 1234d of the lower mandrel 1234 for sealing an interface between the lower 
mandrel and the external annular recess 1202p of the upper mandrel 1202. 
[01 41 J A tubular spring retainer 1236 that defines a radial passage 1236a and includes 
an external annular recess 1236b at one end mates with and receives the end of the lower 
mandrel 1234 and is positioned proximate an end face of the external flange 1234f of the 
lower mandrel. A tubular spring retainer 1238 receives and mates with the end of the lower 
mandrel 1234 and is received and mates with the internal annular recess 1230d of the 
tubular activation sleeve 1230. 

[0142] An activation spring 1240 is received within an annulus 1242 defined an end face 
of the tubular spring retainer 1238, an end face of the spring retainer 1236. the intemal 
annular recess 1230d of the tubular activation sleeve 1230. and the end of the lower 
mandrel 1234. A retainer screw 1242 is received within and is threadably coupled to the 
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internally threaded radial opening 1234b of the lower mandrel 1234 that also extends into 
the external radial hole 1202o of the upper mandrel 1202. 

10143] During operation of the ball gripper assembly 16, in an exemplary embodiment, 
as Illustrated in Figs. 12A1 to 12A4. the ball gripper assembly may be positioned within the 
expandable wellbore casing 100 and the internally threaded connection 1202c of the upper 
mandrel 1202 may be coupled to an externally threaded connection 14a of an end of the 
casing cutter assembly 14 and the extemally threaded connection 1234g of the lower 
mandrel 1234 may be coupled to an intemally threaded connection 18a of an end of the 
tension actuator assembly 18. 

[0144J In an alternative embodiment, the intemally threaded connection 1202c of the 
upper mandrel 1 202 may be coupled to an externally threaded connection of an end of the 
tension actuator assembly 18 and the extennally threaded connection 1234g of the lower 
mandrel 1 234 may be coupled to an intemally threaded connection of an end of casing 
cutter assembly 14. 

I0145J In an exemplary embodiment, the deactivation spring 1 21 0 has a greater spring 
rate than the activation spring 1240. As a result, in an initial operating mode, as illustrated in 
Figs. 12A1 to 12A4, a biasing spring force is applied to the deactivation sleeve 1208 and 
activation sleeve 1230 in a direction 1244 that maintains the activation sleeve in a position 
relative to the tubular ball race 1228 that maintains the balls 1232 within the radially inward 
portions of the coiresponding tapered annular recesses 1228a of the tubular ball race such 
that the balls do not extend beyond the perimeter of the activation sleeve to engage the 
expandable wellbore casing 100. 

(0146J As illustrated in Figs. 12C1 to 12C4, in an exemplary embodiment, the ball 
gripper 16 may be operated to engage the interior surface of the expandable wellbore casing 
100 by injecting a fluidic material 1250 into the ball gripper assembly through the longitudinal 
passages 1202a and 1234aa. of the upper and lower mandrels. 1202 and 1234. 

respectively. 

[0147] In particular, when the longitudinal and radial passages, 1 202a and 1 202b, 
respectively, of the upper mandrel 1202 are pressurized by the injection of the fluidic 
material 1250. the internal annular recess 1208c of the deactivation tubular sleeve 1208 is 
pressurized. When the operating pressure of the fluidic material 1250 within the internal 
annular recess 1208c of the deactivation tubular sleeve 1208 is sufficient to overcome the 
biasing spring force of the deactivation spring 1210. the deactivation tubular sleeve is 
displaced in a direction 1252. As a result, the spring force provided by the activation spring 
1240 then may displace the activation tubular sleeve 1230 in the direction 1252 thereby 
moving the balls 1232 on the corresponding tapered annular recesses 1228a of the tubular 
ball race 1228 outwardly in a radial direction into engagement with the interior surface of the 
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expandable wellbore casing 100. In an exemplary embodiment, the operating pressure of 
the fluidic material 1250 sufficient to overcome the biasing spring force of the deactivation 
spring 1210 was about 100 psi. 

I0148J In an exemplary embodiment, when the operating pressure of the fluidic material 
1250 is reduced, the operating pressure of the fluidic material 1250 within the internal 
annular recess 1208c of the deactivation tubular sleeve 1208 Is no longer sufficient to 
overcome the biasing spring force of the deactivation spring 1210, and the deactivation 
tubular sleeve and the activation tubular sleeve 1 230 are displaced In a direction opposite to 
the direction 1252 thereby moving the balls 1232 radially inwardly and out of engagement 
with the interior surface of the expandable wellbore casing 100. 

I0149J In an exemplary embodiment, the ball gripper assembly 16 is operated to engage 
the interior surface of the expandable wellbore casing 100 in combination with the operation 
of the tension actuator assembly 18 to apply an upward tensile force to one or more 
elements of the system 10 coupled to and positioned below the tension actuator assembly. 
As a result, a reaction force comprising a downward tensile force is applied to the lower 
mandrel 1234 of the ball gripper assembly 16 in a direction opposite to the direction 1252 
during the operation of the tension actuator assembly 18. Consequently, due to the 
geometry of the tapered 1228a of the tubular ball race 1228. the balls 1232 are driven up the 
tapered annular recesses 1228a of the tubular ball race 1228 with increased force and the 
contact force between the balls 1232 and the interior surface of the expandable wellbore 
casing 100 is significantly increased thereby correspondingly increasing the gripping force 
and effect of the ball gripper assembly. 

101501 In an exemplary embodiment, the ball gripper assembly 16 may be operated to 
radially expand and plastically deform discrete portions of the expandable wellbore casing 
100 by controlling the amount of contact force applied to the interior surface of the 
expandable wellbore casing by the bails 1232 of the ball gripper assembly. In an 
experimental test of an exemplary embodiment of the ball gripper assembly 16, an 
expandable wellbore casing was radially expanded and plastically deformed. This was an 
unexpected result. 

[01 51] In an exemplary embodiment, the tension actuator assembly 18 operates and is 
provided substantially, at least in part, as disclosed in one or more of the foflowing: (1) PCT 
patent applicalion serial number PCT/US02/36267. attorney docket number 25791.88.02, 
filed on 1 1/12/2002. (2) PCT patent application serial number PCT/US03/29859, attorney 
docket no. 25791.102.02. filed on 9/22/2003. (3) PCT patent application serial number 
PCT/US03/14153. attorney docket number 25791.104.02, filed on 11/13/2003, and/or(4) 
PCT patent application serial number PCT/US03/29460, attorney docket number 
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25791.1 14.02, filed on 9/23/2003. the disclosures of which are incorporated herein by 
reference. 

10152] In an exemplary embodiment, as illustrated in Rgs. 13A1 to 13A8 and 13B1 to 
13B7. the tension actuator assembly 18 includes an upper tubular support member 13002 
that defines a longitudinal passage 13002a. and external internally threaded radial openings. 
13G02b and 13002c. and an external annular recess 13002d and includes an internally 
threaded connection 13002e at one end and an external flange 13002f. an extemal annular 
recess 13002g having an externally threaded connection, and an internal annular recess 
1 3002h having an internally threaded connection at another end. An end of a tubular 
actuator barrel 13004 that defines radial passages, 13004a and 13004b. at one end and 
radial passages. 13004c and 13004d, includes an internally threaded connection 13004e at 
one end that mates with, receives, and is threadably coupled to the extemal annular recess 
13002g of the upper tubular support member 13002 and abuts and end face of the external 
flange 13002f of the upper tubular support member and an internally threaded connection 
13004fat another end. 

101 531 Torsional locking pins. 1 3006a and 1 3006b. are coupled to and mounted within 
the external radial mounting holes. 13002b and 13002c. respectively, of the upper tubular 
support member and received within the radial passages. 13004a and 13004b. of the end of 
the tubular actuator barrel 1 3004. The other end of the tubular actuator barrel 1 3004 
receives and is threadably coupled to an end of a tubular barrel connector 13008 that 
defines an internal annular recess 13008a. extemal radial mounting holes, 13008b and 
13008c. radial passages. 13008d and 13008e. and extemal radial mounting holes. 13008f 
and 13008g and includes drcumferentially spaced apart teeth 13008h at one end. A sealing 
cartridge 13010 is received within and coupled to the internal annular recess 13008a of the 
tubular barrel connector 13008 for fluidicly sealing the interface between the tubular barrel 
connector and the sealing cartridge. Torsional locking pins. 13012a and 13012b. are 
coupled to and mounted within the extemal radial mounting holes, 13008b and 13008c, 
respectively, of the tubular barrel connector 13008 and received within the radial passages, 
13004c and 13004d. of the tubular actuator ban-el 13004. 

10154] A tubular member 13014 that defines a longitudinal passage 13014a having one 
or more internal splines 13014b at one end and drcumferentially spaced apart teeth 13014c 
at another end for engaging the circumferentially spaced apart teeth 13008h of the tubular 
barrel connector 13008 mates with and is received within the actuator barrel 13004 and the 
one end of the tubular member abuts an end face of the other end of the upper tubular 
support member 13002 and at another end abuts and end face of the tubular ban-el 
connector 13008. A tubular guide member 13016 that defines a longitudinal passage 
13016a having a tapered opening 13016aa. and radial passages. 13016b and 13016c. 
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includes an external flange 13016d having an externally threaded connecBon at one end that 
is received within and coupled to the internal annular recess 13002h of the upper tubular 
support member 13002. 

101 55J The other end of the tubular barrel connector 13008 is threadably coupled to and 
is received within an end of a tubular actuator barrel 13018 that defines a longitudinal 
passage 13018a. radial passages. 13018b and 13018c. and radial passages. 13018d and 
13018e. Torsional locking pins. 13020a and 13020b. are coupled to and mounted within the 
external radial mounting holes. 13008f and 13008g. respectively, of the tubular barrel 
connector 13008 and received within the radial passages. 13018b and 13018c. of the 
tubular actuator barrel 13018. The other end of the tubular actuator barrel 13018 receives 
and is threadably coupled to an end of a tubular ban-el connector 13022 that defines an 
intemal annular recess 13022a. external radial mounting holes, 13022b and 13022c, radial 
passages. 13022d and 13022e. and external radial mounting holes. 13022f and 13022g. A 
sealing cartridge 13024 is received within and coupled to the intemal annular recess 13022a 
of the tubular barrel connector 13022 for fluidicly sealing the interface between the tubular 
barrel connector and the sealing cartridge. Torsional locking pins, 13024a and 13024b, are 
coupled to and mounted within the external radial mounting holes, 13022b and 13022c, 
respectively, of the barrel connector 13022 and received within the radial passages. 13018d 
and 13018e, of the tubular actuator barrel 13018. 

101 56] The other end of the tobular barrel connector 1 3022 is threadably coupled to and 
is received wHhin an end of a tubular actuator ban-el 13026 that defines a longitudinal 
passage 13026a, radial passages, 13026b and 13026c, and radial passages, 13026d and 
13026e. Torsional locking pins. 13028a and 13028b. are coupled to and mounted within the 
external radial mounting holes. 13022f and 13022g, respecfively, of the tubular barrel 
connector 13022 and received within the radial passages, 13026b and 13026c, of the 
tubular actuator barrel 1 3026. The other end of the tubular actuator barrel 1 3026 receives 
and is threadably coupled to an end of a tubular barrel connector 13030 that defines an 
intemal annular recess 13030a. external radial mounting holes, 13030b and 13030c, radial 
passages. 13030d and 13030e. and external radial mounting holes, 13030f and 13030g. A 
sealing cartridge 13032 is received within and coupled to the intemal annular recess 13030a 
of the tubular barel connector 13030 for fluidicly sealing the interface between the tubular 
barrel connector and the sealing cartridge. Torsional locking pins, 13034a and 13034b. are 
coupled to and mounted within the external radial mounting holes, 13030b and 13030c. 
respectively, of the tubular barrel connector 13030 and received within the radial passages, 
13026d and 13026e, of the tubular actuator ban-el 13026, 

I0157J The other end of the tubular ban-el connector 13030 is threadably coupled to and 
is received within an end of a tubular actuator barrel 13036 that defines a longitodinal 



passage 13036a. radial passages, 13036b and 13036c, and radial passages. 13036d and 
130366. Torsional lodging pins. 13038a and 13038b. are coupled to and mounted within the 
external radial mounting holes. 13030f and 13030g. respectively, of the tubular barrel 
connector 13030 and received within the radial passages. 13036b and 13036c. of the 
tubular actuator barrel 1 3036. The other end of the tubular actuator barrel 13036 receives 
and is threadably coupled to an end of a tubular banrel connector 13040 that defines an 
internal annular recess 13040a. external radial mounfing holes. 13040b and 13040c, radial 
passages. 13040d and 13040e. and external radial mounHng holes. 13040f and 13040g. A 
sealing cartridge 13042 is received within and coupled to the internal annular recess 13040a 
of the tubular barrel connector 13040 for fluidicly sealing the interface between the tubular 
ban-el connector and the sealing cartridge. Torsional locking pins. 13044a and 13044b, are 
coupled to and mounted within the external radial mounting holes, 13040b and 13040c. 
respectively, of the tubular barrel connector 13040 and received within the radial passages. 
13036d and 13036e. of the tubular actuator barrel 13036. 

[01581 The other end of the tubular barrel connector 1 3040 is threadably coupled to and 
is received within an end of a tubular actuator barrel 13046 that defines a longitudinal 
passage 13046a. radial passages, 13046b and 13046c, and radial passages. 13046d and 
13046e. Torsional locking pins, 13048a and 13048b. are coupled to and mounted within the 
external radial mounting holes, 13040f and 13040g. respectively, of the tubular barrel 
connector 13040 and received within the radial passages. 13046b and 13046c. of the 
tubular actuator barrel 13046. The other end of the tubular actuator barrel 13046 receives 
and is threadably coupled to an end of a tubular barrel connector 13050 that defines an 
internal annular recess 13050a. external radial mounting holes, 13050b and 13050c, radial 
passages, 13050d and 13050e. and external radial mounting holes. 13050f and 13050g. A 
sealing cartridge 13052 is received within and coupled to the internal annular recess 13050a 
of the tubular barrel connector 13050 for fluidicly sealing the interface between the tubular 
barrel connector and the sealing cartridge. Torsional locking pins, 13054a and 13054b, are 
coupled to and mounted within the external radial mounting holes, 13050b and 13050c. 
respectively, of the tubular barrel connector 13050 and received within the radial passages. 
13046d and 13046e. of the tubular actuator barrel 13046. 

101 59] The other end of the tubular barrel connector 1 3050 is threadably coupled to and 
is received within an end of a tubular actuator barrel 13056 that defines a longitudinal 
passage 13066a. radial passages. 13056b and 13056c. and radial passages, 13056d and 
13056e. Torstonal locking pins, 13058a and 13058b, are coupled to and mounted within the 
external radial mounting holes. 130501 and 13050g. respectively, of the tubular barrel 
connector 13050 and received within the radial passages, 13056b and 13056c, of the 
tubular actuator banrel 13056. The other end of the tubular actuator ban-el 1 3056 receives 



and is threadably coupled to an end of a tubular lower stop 13060 that defines an internal 
annular recess 13060a, external radial mounting holes, 13060b and 13060c, and an internal 
annular recess 13060d that includes one or more circumferentially spaced apart locking 
teeth 13060e at one end and one or more circumferentially spaced apart locking teeth 
ISOeOf at the other end. A sealing cartridge 13062 is received within and coupled to the 
internal annular recess 13060a of the tubular lower stop 13060 for fluidicly sealing the 
interface between the tubular lower stop and the sealing cartridge. Torsional locking pins, 
13064a and 13064b, are coupled to and mounted within the external radial mounting holes, 
13060b and 13060c. respectively, of the tubular lower stop 13060 and received within the 
radial passages. 13056d and 13056e, of the tubular actuator barrel 13056. 
[0160J A connector tube 13066 that defines a longitudinal passage 13066a and radial 
mounting holes, 13066b and 13066c, and includes external splines 13066d at one end for 
engaging the internal splines 13014b of the tubular member 13014 and radial mounting 
holes, 13066e and 13066f, at another end is received within and sealingly and movably 
engages the interior surface of the sealing cartridge 13010 mounted within the annular 
recess 13008a of the tubular barrel connector 13008. In this manner, during longitudinal 
displacement of the connector tube 13066 relative to the tubular barrel connector 1 3008, a 
fluidic seal is maintained between the exterior surface of the connector tube and the interior 
surface of the tubular barrel connector. An end of the connector tube 1 3066 also receives 
and mates with the other end of the tubular guide member 13016. Mounting screws, 13068a 
and 13068b, are coupled to and received within the radial mounting holes, 13066b and 
13066c, respectively of the connector tube 13066. 

[0161] The other end of the connector tube 13066 is received within and threadably 
coupled to an end of a tubular piston 13070 that defines a longitudinal passage 13070a. 
radial mounting holes, 13070b and 13070c, radial passages, 13070d and 13070e, and radial 
mounting holes, 13070f and 13070g, that includes a flange 13070h at one end. A sealing 
cartridge 13072 is mounted onto and sealingly coupled to the exterior of the tubular piston 
13070 proximate the flange 13070h. The sealing cartridge 13072 also mates with and 
sealingly engages the interior surface of the tubular actuator barrel 13018. In this manner, 
during longitudinal displacement of the tubular piston 13O70 relative to the actuator barrel 
13018, a fluidic seal is maintained between the exterior surface of the piston and the interior 
surface of the actuator barrel. Mounting screws, 13074a and 13074b, are coupled to and 
mounted within the external radial mounting holes. 13070b and 13070c, respectively, of the 
tubular piston 13070 and received within the radial passages, 13066e and 13066f, of the 
connector tube 13066. 

I0162J The other end of the tubular piston 13070 receives and is threadably coupled to 
an end of a connector tube 13076 that defines a longitudinal passage 13076a, radial 
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mounting holes, 13076b and 13076c, at one end and radial mounting holes, 13076d and 
13076e, at another end. The connector tut>e 13076 is received within and sealingly and 
movably engages the interior surface of the sealing cartridge 13024 mounted within the 
annular recess 13022a of the tubular barrel connector 13022. In this manner, during 
longitudinal displacement of the connector tube 13076 relative to the tubular barrel 
connector 1 3022. a fluidic seal is maintained between the exterior surface of the connector 
tube and the interior surface of the barrel connector Mounting screws, 13078a and 13078b. 
are coupled to and mounted within the external radial mounting holes, 13070f and 13070g, 
respectively, of the tubular piston 13070 and received within the radial passages, 13076b 
and 13076c. of the connector tube 13076. 

[01631 The other end of the connector tube 13076 is received within and threadably 
coupled to an end of a tubular piston 13080 that defines a longitudinal passage 13080a. 
radial mounting holes, 13080b and 13080c, radial passages, 13080d and 13080e. and radial 
mounting holes. 13080f and 13080g. that includes a flange 13080h at one end. A sealing 
cartridge 13082 is mounted onto and sealingly coupled to the exterior of the tubular piston 
13080 proximate the flange 13080h. The sealing cartridge 13082 also mates with and 
sealingly engages the interior surface of the tubular actuator barrel 13026. In this manner, 
during longitudinal displacement of the tubular piston 13080 relative to the tubular actuator 
barrel 13026, a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator barrel. Mounting screws. 13084a and 13084b. are coupled to 
and mounted within the external radial mounting holes, 13080b and 13080c, respectively, of 
the tubular piston 13080 and received within the radial passages, 13076e and 13076f, of the 
connector tube 13076. 

[0164] The other end of the tubular piston 1 3080 receives and is threadably coupled to 
an end of a connector tube 13086 that defines a longitudinal passage 13086a, radial 
mounting holes. 13086b and 13086c, at one end and radial mounting holes, 13086d and 
13086e. at another end. TTie connector tube 13086 is received within and sealingly and 
movably engages the interior surface of the sealing cartridge 13032 mounted within the 
annular recess 13030a of the tubular barrel connector 13030. In this manner, during 
longitudinal displacement of the connector tube 13086 relative to the tubular barrel 
connector 13030. a fluidic seal is maintained between the exterior surface of the connector 
tube and the interior surface of the barrel connector. Mounting screws. 13088a and 13088b, 
are coupled to and mounted within the external radial mounting holes. 13080f and 13080g, 
respectively, of the tubular piston 13080 and received within the radial passages. 13086b 
and 13086c, of the connector tube 13086. 

(01651 The other end of the connector tube 13086 is received within and threadably 
coupled to an end of a tubular piston 13090 that defines a longitudinal passage 13090a, 
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radial mounting holes. 13090b and 13090c, radial passages. 13090d and 13090e. and radial 
mounting holes, 13090f and 13090g. that includes a flange 13090h at one end. A sealing 
cartridge 13092 is mounted onto and sealingly coupled to the exterior of the tubular piston 
13090 proximate the flange 13090h. The sealing cartridge 13092 also mates with and 
sealingly engages the interior surface of the tubular actuator barrel 13036. In this manner, 
during longitudinal displacement of the tubular piston 13090 relative to the tubular actuator 
barrel 13036. a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator ban-el. Mounting screws. 13094a and 13094b, are coupled to 
and mounted within the external radial mounting holes. 13090b and 13090c, respectively, of 
the tubular piston 13090 and received mthin the radial passages. i3086e and 13086f, of the 
connector tube 13086. 

[0166] The other end of the tubular piston 13090 receives and is threadably coupled to 
an end of a connector tube 13096 that defines a longitudinal passage 13096a, radial 
mounting holes. 13096b and 13096c, atone end and radial mounting holes, 13096d and 
13096e, at another end. The connector tube 13096 is received within and sealingly and 
movably engages the interior surface of the sealing cartridge 13042 mounted within the 
annular recess 13040a of the tubular ban-el connector 13040. In this manner, during 
longitudinal displacement of the connector tube 13096 relative to the tubular ban-el 
connector 13040, a fluidic seal Is maintained between the exterior surface of the connector 
tube and the interior surface of the barrel connector. Mounting screws. 13098a and 13098b. 
are coupled to and mounted within the external radial mounting holes. 13090f and 13090g. 
respectively, of the tubular piston 13090 and received within the radial passages. 13096b 
and 13096c, of the connector tube 13096. 

I0167J The other end of the connector tube 13096 is received within and threadably 
coupled to an end of a tubular piston 13100 that defines a longitudinal passage 13100a. 
radial mounting holes. 13100b and 13100c, radial passages. 13100d and 13100e. and radial 
mounting holes, 13100f and 13100g. that includes a flange 13100h at one end. A sealing 
cartridge 13102 is mounted onto and sealingly coupled to the exterior of the tubular piston 
13100 proximate the flange 13100h. The sealing cartridge 13102 also mates with and 
sealingly engages the interior surface of the tubular actuator ban-el 13046. In this manner, 
during longitudinal displacement of the tubular piston 13100 relative to the tubular actuator 
ban-el 13046. a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator barrel. Mounting screws, 13104a and 13104b, are coupled to 
and mounted within the external radial mounting holes, 13100b and 13100c. respectively, of 
the tubular piston 13100 and received within the radial passages. 13096e and 13096f. of the 
connector tube 1 3096. 
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[0168] The other end of the tubular piston 13100 receives and is threadably coupled to 
an end of a connector tube 13106 that defines a longitudinal passage 13106a, radial 
mounting holes, 13106b and 13106c, at one end and radial mounting holes, 13106d and 
13106e, at another end. The connector tube 13106 is received within and sealingly and 
movably engages the interior surface of the sealing cartridge 13052 mounted within the 
annular recess 13050a of the tubular barrel connector 13050. In this manner, during 
longitudinal displacement of the connector tube 13106 relative to the tubular barrel 
connector 13050. a fluidic seal is maintained between the exterior surfoce of the connector 
lube and the interior surface of the barrel connector. Mounting screws, 13108a and 13108b, 
are coupled to and mounted within the external radial mounting holes, 13100f and 13100g, 
respectively, of the tubular piston 13100 and received within the radial passages, 13106b 
and 13106c, of the connector tube 13106. 

[0169] The other end of the connector tube 1 31 06 is received within and threadably 
coupled to an end of a tubular piston 13110 that defines a longitudinal passage 131 10a, 
radial mounting holes, 13110b and 13110c. radial passages, 131 10d and 13110e, radial 
mounting holes, 131 lOf and 131 lOg, that includes a flange 131 lOh at one end and 
circumferenlially spaced teeth 131101 at another end for engaging the one or more 
circumferentially spaced apart locking teeth 13060e of the tubular lower stop 13060. A 
sealing cartridge 131 12 is mounted onto and sealingly coupled to the exterior of the tubular 
piston 131 10 proximate the flange 131 lOh. The sealing cartridge 131 12 also mates with and 
sealingly engages the interior surface of the actuator barrel 13056. In this manner, during 
longitudinal displacement of the tubular piston 13110 relative to the actuator banrel 13056, a 
fluidic seal is maintained between the exterior surface of the piston and the interior surface 
of the actuator banrel. Mounting screws. 131 14a and 131 14b, are coupled to and mounted 
within the external radial mounting holes. 13110b and 13110c, respectively, of the tubular 
piston 131 10 and received within the radial passages, 13106d and 13106e. of the connector 
tube 13106. 

[0170] The other end of the tubular piston 13110 receives and is threadably coupled to 
an end of a connector tube 131 16 that defines a longitudinal passage 13116a, radial 
mounting holes. 131 16b and 131 16c, at one end and radial mounting holes. 13116d and 
131 16e, at another end that includes an external flange 131 16f that includes 
circumferentially spaced apart teeth 131 16g that extend from an end face of the external 
flange for engaging the teeth 13060f of the tubular lower stop 13060, and an externally 
threaded connection 131 16h at another end. The connector tube 1 31 16 is received within 
and sealingly and movably engages the interior surface of the sealing cartridge 13062 
mounted within the annular recess 13060a of the lower tubular stop 13060. In this manner, 
during longitudinal displacement of the connector tube 131 16 relative to the lower tubular 
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stop 13060. a nuidic seal is maintained between the exterior surface of the connector tube 
and the interior surface of the lower tubular stop. Mounting screws, 1 31 1 8a and 1 31 1 8b. an 
coupled to and mounted within the external radial mounting holes, 13110f and 131 lOg. 
respectively, of the tubular piston 13110 and received within the radial passages, 13116b 
and 131 16c, of the connector tube 131 16. 

[0171] In an exemplary embodiment, as illustrated in Figs. 13A1 to 13A8, the internally 
threaded connection 13002e of the upper tubular support member 13002 receives and is 
coupled to the externally threaded connection 1234g of the lower mandrel 1234 of the ball 
grabber assembly 16 and the externally threaded connection 131 16h of the connector tube 
131 16 is received within and is coupled to an intemally threaded connection 20a of an end 
of the safety sub assembly 20. 

I0172J In an exemplary embodiment, as illustrated in Figs. 1 3A1 to 13A8. during 
operation of the tension actuator assembly 18. the tension actuator assembly is positioned 
within the expandable wellbore casing 100 and fluidic material 13200 is injected into the 
tension actuator assembly through the passages 13002a. 13016a. 13066a. 13070a, 13076a. 
13080a. 13086a. 13090a, 13096a. 13100a. 13106a, 13110a. and 13116a. The injected 
fluidic material 13200 will also pass through the radial passages. 13070d and 13070e. 
13080d and 13080e. 13090d and 13090e. 13100d and 13100e. 13110d and 131 10e, of the 
tubular pistons, 13070. 13080. 13090, 13100. and 13110, respectively, into annular piston 
chambers. 13202, 13204, 13206. 13208, 13208, and 13210. 

t01731 As illustrated in Rgs. 1 3B1 to 1 3B7, the operating pressure of the fluidic material 
13200 may then be increased by, for example, controllably blocking or limiting the flow of the 
fluidic material through the passage 13116a and/or increasing the operating pressure of the 
outlet of a pumping device for Injecting the fluidic material 13200 into the tension actuator 
assembly 18. As a result, of the increased operaUng pressure of the fluidic material 13200 
within the tension actuator assembly 18. the operating pressures of the annular piston 
chambers, 13202. 13204. 13206, 13208, 13208, and 13210. will be increased sufficiently to 
displace the tubular pistons, 13070, 13080. 13090, 13100, and 131 10, upwardly in the 
direction 13212 thereby also displacing the connector tube 131 16. As a result, a upward 
tensile force is applied lo all elements of the system 10 coupled to and positioned below the 
connector tube 131 16. In an exemplary embodiment, during the upward displacement of the 
tubular pistons. 13070. 13080. 13090. 13100. and 13110. fluidic materials displaced by the 
tubular pistons within discharge annular chambers. 13214. 13216. 13218. 13220. and 13222 
are exhausted out of the tension actuator assembly 18 through the radial passages. 13008d 
and 13008e, 13022d and 13022e. 13030d and 13030e. 13040d and 13040e. 13050d and 
13050e. respectively. Furthermore, in an exemplary embodiment, the upward displacement 
of the tubular pistons. 13070. 13080. 13090. 13100. and 131 10, further causes the external 



splines 13066d of the connector tube 13066 to engage the internal splines 13014b of the 
tubular member 13014 and the drcumferentially spaced apart teeth 131 16g of the connector 
tube 131 16 to engage the drcumferentially spaced teeth 13060f of the tubular lower stop 
13060. As a result of the interaction of the external splines 13066d of the connector tube 
13066 to engage the internal splines 13014b of the tubular member 13014 and the 
drcumferentially spaced apart teeth 13116g of the connector tube 13116 to engage the 
circumferentially spaced teeth 13060f of the tubular lower stop 13060, torsional loads may 
be transmitted through the tension actuator assembly 18. 

[01 74) In an exemplary embodiment, the sealing cup assembly 22 operates and is 
provided substantially, at least in part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US02/36157, attorney docket number 25791.87.02, 
filed on 11/12/2002, (2) PCT patent application serial number PCT/US02/36267, attorney 
docket number 25791.88.02, filed on 11/12/2002, (3) PCT patent application serial number 
PCT/US03/04837, attorney docket number 25791.95.02, filed on 2/29/2003. (4) PCT patent 
application serial number PCT/US03/29859, attorney docket no. 25791.102.02, filed on 
9/22/2003, (5) PCT patent application serial number PCT/US03/14153, attomey docket 
number 25791.104.02, filed on 11/13/2003. and/or (6) PCT patent application serial number 
PCT/US03/18530, attomey docket number 25791.108.02. filed on 6/1 1/2003. the disdosures 
of which are incorporated herein by reference. 

I0175J In an exemplary embodiment, the casing lock assembly 24 operates and is 
provided substantially, at least in part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US02/36267. attomey docket number 25791.88.02, 
filed on 1 1/12/2002, (2) PCT patent application serial number PCT/US03/29859. attomey 
docket no. 25791.102.02, filed on 9/22/2003, and/or (3) PCT patent application serial 
number PCT/US03/14153, attomey docket number 25791.104.02. filed on 1 1/13/2003, the 
disclosures of which are incorporated herein by reference. 

[0176] In an exemplary embodiment, the adjustable bell sectfon expansion cone 
assembly 28 operates and is provided substantially, at least in part, as disclosed in one or 
more of the following: (1) PCT patent application serial number PCT/US02/36157. attomey 
docket number 25791.87.02. filed on 1 1/12/02. (2) PCT patent application serial number 
PCT/US02/36267. attorney docket number 25791.88.02, filed on 1 1/12/2002, (3) PCT patent 
application serial number PCT/US03/04837. attomey docket number 25791.95.02, filed on 
2/29/03, (4) PCT patent application serial number PCT/tJS03/29859. attorney docket no. 
25791.102.02, filed on 9/22/2003, (5) PCT patent application serial number 
PCT/US03/14153, attomey docket number 25791.104.02. filed on 1 1/13/2003. and/or (6) 
PCT patent application serial number PCT/US03/18530. attorney docket number 
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25791.108.02. filed on 6/1 1/2003. the disclosures of which are incorporated herein by 
reference. 

[0177] In an alternative embodiment, the adjustable bell section expansion cone 
assembly 28 further incorporates one or more of the elements and/or teachings of the casing 
cutter assembly 14 for sensing the internal diameter of the expandable wellbore casing 100. 
I0178J In an exemplary embodiment, the adjustable casing expansion cone assembly 30 
operates and is provided substantially, at least in part, as disclosed in one or more of the 
following: (1) PCT patent application serial number PCT/US02/36157, attorney docket 
number 25791 .87.02, filed on 1 1/1 2/02, (2) PCT patent application serial number 
PCT/US02/36267, attorney docket number 25791.88.02. filed on 1 1/12/2002, (3) PCT patent 
application serial number PCT/US03/04837, attorney docket number 25791 .95.02, filed on 
2/29/03, (4) PCT patent application serial number PCT/US03/29859, attorney docket no. 
25791,102.02, filed on 9/22/2003, (5) PCT patent application serial number 
PCT/US03/14153, attorney docket number 25791.104.02. filed on 1 1/13/2003, and/or (6) 
PCT patent application serial number PCT/US03/18530, attorney docket number 
25791.108.02, filed on 6/11/2003. the disclosures of which are incorporated herein by 
reference. 

[0179] In an alternative embodiment, the adjustable casing expansion cone assembly 30 
further incorporates one or more of the elements and/or teachings of the casing cutter 
assembly 14 for sensing the internal diameter of the expandable wellt^ore casing 100. 
[0180] In an exemplary eml)odiment, as illustrated in 14A to 140. the packer setting tool 
assembly 32 includes a tubular adaptor 1402 that defines a longitudinal passage 1402a, 
radial external mounting holes. 1402b and 1402c. radial passages. 1402d and 1402e, and 
includes an external threaded connection 1402f at one end and an internal annular recess 
1402g having an internal threaded connection at another end. An external threaded 
connection 1404a of an end of a tubular upper mandrel 1404 that defines a longitudinal 
passage 1404b, internally threaded external mounting holes, 1404c and 1404d, and includes 
an external annular recess 1404e, external annular recess 1404f, external annular recess 
1404g, extemal flange 1404h, external splines 14041, and an internal threaded connection 
1404j at another end is received within and is coupled to the internally threaded connection 
of the internal annular recess 1402g of the other end of the tubular adaptor 1402. Mounting 
screws. 1405a and 1405b, are received within and coupled to the mounting holes. 1404c 
and 1404d. of the tubular upper mandrel 1404 that also extend into the radial passages, 
1402d and 1402e. of the tubular adaptor 1402. 

[0181] An extemal threaded connection 1406a of an end of a mandrel 1406 that defines 
a longitudinal passage 1406b and includes an external annular recess 1406c and an 
external annular recess 1406d having an external threaded connection is received within 
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and is coupled to the internal threaded connection 1404j of the tubular upper mandrel 1404. 
An internal threaded connection 1408a of a tubular stinger 1408 that defines a longitudinal 
passage 1408b and includes an external annular recess 1408c, and an external tapered 
annular recess 1408d and an engagenrient shoulder 1408e at another end receives and is 
coupled to the external threaded connection of the external annular recess 1406d of the 
mandrel 1406. A sealing member 1410 is mounted upon and coupled to the external 
annular recess 1406d of the mandrel 1406. 

[0182] An internal flange 1412a of a tubular key 1412 that includes an external annular 
recess 1412b at one end and an internal annular recess 1412c at another end is movably 
received within and engages the external annular recess 1404f of the tubular upper mandrel 
1404. A garter spring 1414 is received within and engages the external annular recess 
1412b of the tubular key 1412. 

[0183] An end of a tubular bushing 1416 that defines a longitudinal passage 1416a for 
receiving and mating with the upper mandrel 1404, and radial passages, 1416b and 1416c, 
and includes an external threaded connection 1416d at an intermediate portion, and an 
external flange 1416e, an intemal annular recess 1416f, circumferentially spaced apart teeth 
1416g, and external flanges, 1416h and 1416i. at another end is received within and mates 
with the intemal annular recess 1412c of the tubular key 1412. An intemal threaded 
connection 1418a of a tubular drag block body 1418 that defines a longitudinal passage 
1418b for receiving the tubular bushing 1416. mounting holes, 1418c and 1418d, mounting 
holes, 1418e and 1418f, and includes an Intemal threaded connection 1418g at one end, a 
centrally positioned external annular recess 1418h. and an external threaded connection 
141 8i at another end is received within and coupled to the external threaded connection 
1416d of the tubular bushing 1416. 

(0184J A first tubular keeper 1420 that defines mounting holes. 1420a and 1420b. is 
coupled to an end of the tubular drag block body 1418 by mounting screws. 1422a and 
1422b, that are received within and are coupled to the mounting holes, 1418c and 1418d, of 
the tubular drag block body. A second tubular keeper 1424 that defines mounting holes, 
1424a and 1424b. is coupled to an end of the tubular drag block body 1418 by mounting 
screws. 1426a and 1426b. that are received within and are coupled to the mounting holes, 
1 41 8e and 1 41 8f, of the tubular drag block body. 

[0185) Drag blocks. 1428 and 1430. that are received within the external annular recess 
1418h of the tubular drag block body 1418, include ends that mate with and are received 
within the end of the first tubular keeper 1420. and other ends that mate with and are 
received within the end of the second tubular keeper 1424. The drag blocks, 1428 and 
1430, further include internal annular recesses, 1428a and 1430a, respectively, that receive 
and mate with ends of springs. 1432 and 1434, respectively. The springs, 1432 and 1434. 



also receive and mate with the external annular recess 1418h of the tubular drag block body 
1418. 

[0186] An external threaded connection 1436a of an end of a tubular releasing cap 
extension 1436 that defines a longitudinal passage 1436b and includes an internal annular 
recess 1436c and an internal threaded connection 1436d at another end Is received within 
and is coupled to the internal threaded connection 1418g of the tubular drag block body 
1418. An external threaded connection 1438a of an end of a tubular releasing cap 1438 that 
defines a longitudinal passage 1438b and includes an internal annular recess 1438c is 
received within and coupled to the internal threaded connection 1436d of the tubular 
releasing cap extension 1436. A sealing element 1440 is received within the internal annular 
recess 1438c of the tubular releasing cap 1438 for fluidlcly sealing the interface between the 
tubular releasing cap and the upper mandrel 1404. 

[0187] An intemal threaded connection 1442a of an end of a tubular setting sleeve 1 442 
that defines a longitudinal passage 1442b. radial passage 1442c, radial passages, 1442d 
and 1442e. radial passage 1442f, and includes an internal flange 1442g at another end 
receives the external threaded connection 14181 of the tubular drag block body 1418. An 
intemal flange 1444a of a tubular coupling ring 1444 that defines a tongitudinal passage 
1444b and radial passages. 1444c and 1444d. receives and mates with the external flange 
1416h of the tubular bushing 1416 and an end face of the intemal flange of the tubular 
coupling ring is positioned proximate and in opposing relation to an end face of the external 
flange 14161 of the tubular bushing. 

[0188] An intemal flange 1446a of a tubular retaining collet 1446 that includes a plurality 
of axially extending collet fingers 1446b. each having intemal flanges 1446c at an end of 
each collet finger, for engagir>g and receiving the tubular coupling ring 1444 receives and 
mates with external flange 1416e of the tubular bushing 1416 and an end face of the internal 
flange of the tubular retaining collet is positioned proximate and in opposing relation to an 
end face of the external flange 1416h of the tubular bushing. 

[0189] In an exemplary embodiment, the packer assembly 36 operates and is provided 
substantially, at least in part, as disclosed in one or more of the following: (1) PCT patent 
application serial number PCT/US03/14153, attorney docket number 25791.104.02, filed on 
11/13/2003. and/or (2) PCT patent application serial number PCT/US03/29460, attorney 
docket number 25791.114.02. filed on 9/23/2003, the disclosures of which are incorporated 
herein by reference. 

[01901 In an exemplary embodiment, as illustrated in Figs. 1 5-1 to 15-5. the packer 
assembly 36 includes a tubular upper adaptor 1502 that defines a longitudinal passage 
1502a having a tapered opening 1502b and mounting holes, 1502c and 1502d. that includes 
a plurality of circumferentially spaced apart teeth 1502e at one end. an external flange 
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1502f. and an internal threaded connection 1502g at another end. In an exemplary 
embodiment, the tubular upper adaptor 1502 is fabricated from aluminum. An extemal 
threaded connection 1504a of an end of a tubular upper mandrel 1504 that defines a 
longitudinal passage 1504b, mounting holes, 1504c and 1504d, mounting holes. 1504e and 
1504f. and mounting holes, 1504g and 1504h. and includes an extemal flange 15041, an 
internal annular recess 1504j, and an internal threaded connection 1S04k at another end is 
received within and coupled to the internal threaded connection 1502g of the tubular upper 
adaptor 1 502. in an exemplary embodiment, the tubular upper mandrel 1504 is fabricated 
from aluminum. 

10191] An upper tubular spacer ring 1506 that defines mounting holes, 1506a and 
1506b, receives and mates with the end of the tubular upper mandrel 1504 and includes an 
angled end face 1506c and another end face that is positioned proximate to an end face of 
the tubular upper adaptor 1 502 is coupled to the tubular upper mandrel by shear pins, 1508a 
and 1508b, that are mounted within and coupled to the mounting holes, 1504c and 1506a, 
and, 1504d and 1506b, respectively, of the tubular upper mandrel and upper tubular spacer 
ring, respectively. A lower tubular spacer ring 1510 that includes an angled end face 1510a 
receives, mates, and is coupled to the other end of the tubular upper mandrel 1504 and 
includes another erKi face that is positioned proximate to an end face of the extemal flange 
15041 of the tubular upper mandrel 1504. in an exemplary emtx)diment. the upper and 
tubular spacer rings. 1506 and 1510, are fabricated from a composite material. 
[0192] An upper tubular slip 1512 that receives and is movably mounted upon the 
tubular upper mandrel 1504 defines a longitudinal passage 1512a having a tapered opening 
1512b and includes extemal annular recesses, 1512c. 1512d. 1512e, 1512f, and 1512g. and 
an angled end face 1S12h that mates with and is positioned proximate the angled end face 
1506c of the upper tubular spacer ring 1506. Slip retaining bands. 1514a, 1514b, 1514c. 
1514d. and 1514e, are received within and coupled to the external annular recesses, 1512c, 
1512d. 1512e, 1512f, and 1512g, of the upper tubular slip 1512. A lower tubular slip 1516 
that receives and is movably mounted upon the tubular upper mandrel 1 604 defines a 
longitudinal passage 1516a having a tapered opening 1516b and includes external annular 
recesses, 1516c. 1516d, 1516e. 1516f, and 1516g, and an angled end face 1516h that 
mates with and is positioned proximate the angled end face 1510a of the lower tubular 
spacer ring 1510. Slip retaining bands. 1518a, 1518b, 1518c, 1518d, and 1518e, are 
received within and coupled to the extemal annular recesses, 1S16c, 1S16d, 1516e, 1516f, 
and 1516g. of the lower tubular slip 1516. In an exemplary embodiment, the upper and 
lower tubular slips, 1512 and 1516, are fabricated from composite materials, and at least 
some of the slip retaining bands, 1514a, 1514b. 1S14c, 1514d. 1514e, 1518a, 1518b. 1518c. 
1518d, and 1518e are fabricated from carbide Insert materials. 
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[0193] An upper tubular wedge 1520 that defines an longitudinal passage 1520a for 
receiving the tubular upper mandrel 1504 and mounting holes, 1520b and 1520c, and 
includes an angled end face 1520d at one end that is received within and mates with the 
tapered opening 1512b of the upper tubular slip 1512. and an angled end face 1520e at 
another end is coupled to the tubular upper mandrel by shear pins, 1522a and 1522b, 
mounted within and coupled to the mounling holes, 1504e and 1520b, and, 1504f and 
1520c. respectively, of the tubular upper mandrel and upper tubular wedge, respectively. A 
lower tubular wedge 1524 that defines an longitudinal passage 1524a for receiving the 
tubular upper mandrel 1504 and mounting holes, 1524b and 1524c, and includes an angled 
end face 1524d at one end that is received within and mates with the tapered opening 1516b 
of the lower tubular slip 1516, and an angled end face 1524e at another end is coupled to 
the tubular upper mandrel by shear pins, 1526a and 1526b, mounted within and coupled to 
the mounting holes, 1504g and 1524b, and, 1504h and 1524c, respectively, of the tubular 
upper mandrel and lower tubular wedge, respectively. In an exemplary embodiment, the 
upper and lower tubular wedges, 1520 and 1524, are fabricated from composite materials. 
[0194] An upper tubular extrusion limiter 1528 that defines a longitudinal passage 1528a 
for receiving the tubular upper mandrel 1504 includes an angled end face 1528b at one end 
that mates with the angled end face 1520e of the upper tubular wedge 1520, an angled end 
face 1528c at another end having recesses 1528d, and external annular recesses. 1528e. 
1528f and 1528g. Retaining bands, 1530a, 1 530b, and 1530c, are mounted within and 
coupled to the external annular recesses. 1528e, 1528f and 1528g. respectively, of the 
upper tubular extrusion limiter 1528. Circular disc-shaped extrusion preventers 1532 are 
coupled and mounted within the recesses 1 528d. A lower tubular extrusion limiter 1 534 that 
defines a longitudinal passage 1534a for receiving the tubular upper mandrel 1504 includes 
an angled end face 1534b at one end that mates with the angled end face 1524e of the 
lower tubular wedge 1524. an angled end face 1534c at another end having recesses 
1534d, and external annular recesses. 1534e. 1534f and 1534g. Retaining bands. 1536a. 
1536b, and 1536c, are mounted within and coupled to the external annular recesses. 1534e. 
1534f and 1534g. respectively, of the lower tubular extrusion limiter 1534. Circular disc- 
shaped extrusbn preventers 1538 are coupled and mounted within the recesses 1534d. In 
an exemplary embodiment, the upper and lower extrusion limiters, 1528 and 1534, are 
fabricated from composite materials. 

[0195] An upper tubular elastomeric packer element 1540 that defines a longitudinal 
passage 1540a for receiving the tubular upper mandrel 1504 includes an angled end face 
1540b at one end that mates with and is positioned proximate the arigled end face 1528c of 
the upper tubular extrusion limiter 1528 and an curved end face 1540c at another end. A 
lower tubular elastomeric packer element 1542 that defines a longitudinal passage 1542a for 
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receiving the tubular upper mandrel 1504 Includes an angled end face 1542b at one end that 
mates with and is positioned proximate the angled end face 1534c of the lower tubular 
extrusion limrter 1534 and an curved end face 1542c at another end. 
I0196J A central tubular elastomeric packer element 1544 that defines a longitudinal 
passage 1544a for receiving the tubular upper mandrel 1504 includes a curved outer surface 
1544b for mating with and engaging the curved end faces. 1540c and 1542c, of the upper 
and lower tubular elastomeric packer elements, 1540 and 1542, respectively. 
10197] An external threaded connection 1546a of a tubular lower mandrel 1546 that 
defines a longitudinal passage 1546b having throat passages, 1546c and 1546d, and flow 
ports, 1546e and 1546f, and a mounting hole 1546g. and includes an intemal annular recess 
1546h at one end, and an extemal flange 15461, intemal annular recess 1546j. and intemal 
threaded connection 1546k at another end. In an exemplary embodiment, the tubular lower 
mandrel 1546 is fabricated from aluminum. A sealing element 1548 is received within the 
Inner annular recess 1504j of the other end of the tubular upper mandrel 1504 for sealing an 
Interface between the tubular upper mandrel and the tubular lower mandrel 1546. 
{0198] A tubular sliding sleeve valve 1550 that defines a longitudinal passage 1 550a and 
radial flow ports, 1550b and 1550c. and Includes collet fingers 1550d at one end for 
engaging the intemal annular recess 1546h of the lower tubular mandrel 1546. an extemal 
annular recess 1550e. an extemal annular recess 1550f, an external annular recess 1550g. 
and circumferentially spaced apart teeth 1550h at another end is received within and is 
slidably coupled to the longitudinal passage 1546b of the tubular lower mandrel 1546. In an 
exemplary embodiment, the tubular sliding sleeve valve 1550 is fabricated from aluminum. 
A set screw 1552 is mounted within and coupled to the mounting hole 1S46g of the tubular 
lower mandrel 1546 that is received within the extemal annular recess 1550e of the tubular 
sliding sleeve 1550. Sealing elements. 1554 and 1556, are mounted within the external 
annular recesses, 1550f and 1550g, respectively, of the tubular sliding sleeve valve 1550 for 
sealing an interface between the tubular sliding sleeve valve and the tubular tower mandrel 
1546. 

[0199] An end of a tubular outer sleeve 1 558 that defines a longitudinal passage 1558a. 
radial passages. 1558b and 1558c. upper flow ports, 1558d and 1558e, lower flow ports, 
1558f and 1558g, and radial passages, 1558h and 1558i. receives, mates with, and is 
coupled to the other end of the tubular upper mandrel 1504 and an end face of the end of 
the tubular outer sleeve is positioned proximate and end face of the tower tubular spacer ring 
1510. The other end of the tubular outer sleeve 1558 receives, mates with, and is coupled 
to the other end of the tubular lower mandrel 1546. 

[0200] An external threaded connection 1560a of an end of a tubular bypass mandrel 
1560 that defines a longitudinal passage 1560b, upper flow ports. 1560c and 1560d, tower 



flow ports, 1560e and 1560f, and a mounting hole 1560g and includes an internal annular 
recess 1560h and an external threaded connection 15601 at another end is received within 
and coupled to the internal threaded connection 1546k of the tubular lower mandrel 1546. A 
sealing element 1562 is received within the internal annular recess 1546j of the tubular lower 
mandrel 1546 for sealing an interface between the tubular lower mandrel and the tubular 
bypass mandrel 1560. 

[0201] A tubular plug seal 1564 that defines a longitudinal passage 1564a having a 
tapered opening 1 564b at one end, and flow ports. 1564c and 1564d. and includes an 
external annular recess 1564e. an external annular recess 1564f. an external annular recess 
1564g. an external annular recess 1564h, and an external annular recess 1564i having an 
external threaded connection at another end is received within and is movably coupled to the 
longitudinal passage 1560b of the tubular bypass mandrel 1560. A tubular nose 1566 is 
threadably coupled to and mounted upon the external annular recess 1564i of the tubular 
plug seat 1564. In an exemplary embodiment, the tubular plug seat 1564 is fabricated from 
aluminum. Sealing elements, 1568, 1570. and 1572. are received within the external 
annular recesses. 1564e, 1564g. and 1564h. respectively, of the tubular plug seat 1564 for 
sealing an Interface between the tubular plug seat and the tubular bypass mandrel 1560. A 
set screw 1574 is mounted within and coupled to the mounting hole 1560g of the tubular 
bypass mandrel 1560 that is received within the extemal annular recess 1564f of the tubular 
plug seat 1564. 

[0202] An end of a tubular bypass sleeve 1576 that defines a longitudinal passage 
1576a and includes an internal annular recess 1576b at one end and an internal threaded 
connection 1576c at another end is coupled to the other end of the tubular outer sleeve 1558 
and mates with and receives the tubular bypass mandrel 1560. In an exemplary 
embodiment, the tubular bypass sleeve 1576 is fabricated from aluminum. 
[0203J An external threaded connection 1578a of a tubular valve seat 1578 that defines 
a longitudinal passage 1578b including a valve seat 1578c and up-jet flow ports. 1578d and 
1578e. and includes a spring retainer 1578f and an external annular recess 1578g is 
received within and is coupled to the Intemal threaded connection 1576c of the tubular 
bypass sleeve 1576. In an exemplary embodiment, the tubular valve seat 1578 is fabricated 
from aluminum. A sealing element 1580 is received within the extemal annular recess 
1578g of the tubular valve seat 1578 for fluidicly sealing an Interface between the tubular 
valve seat and the tubular bypass sleeve 1576. 

(02041 A poppet valve 1582 mates with and is positioned within the valve seat 1578c of 
the tubular valve seat 1 578. An end of the poppet valve 1 582 is coupled to an end of a stem 
boll 1 584 that is slidingly supported for longitudinal displacement by the spring retainer 1578f 
A valve spring 1586 that surrounds a portion of the stem bolt 1584 Is positioned in opposing 



relation to the head of the stem bolt and a support 1578fa of the spring retainer 1578f.for 
biasing the poppet valve 1582 into engagement with the valve seat 1578c of the tubular 
valve seat 1578. 

[0205] An end of a composite nose 1588 that defines a longitudinal passage 1588a and 
mounting holes. 1588b and 1588c, and includes an internal threaded connection 1588d at 
another end receives, mates wilh» and is coupled to the other end of the tubular valve seat 
1578. A tubular nose sleeve 1590 that defines mounting holes. 1590a and 1590b, is 
coupled to the composite nose 1588 by shear pins. 1592a and 1592b, that are mounted in 
and coupled to the mounting holes. 1588b and 1590a, and, 1588c and 1590b, respectively, 
of the composite nose and tubular nose sleeve, respectively. 
[0206] An external threaded connection 1 594a of a baffle nose 1 594 that defines 
longitudinal passages. 1594b and 1594c. is received within and is coupled to the internal 
threaded connection internal threaded connection 1588d of the composite nose 1588. 
[0207] In an exemplary embodiment, as illustrated in Figs. 16A1 to 16A5, during the 
operation of the packer setting tool assembly 32 and packer assembly 36. the packer setting 
tool and packer assembly are coupled to one another by Inserting the end of the tubular 
upper adaptor 1502 into the other end of the tubular coupling ring 1444, bringing the 
circumferentially spaced teeth 1416g of the other end of the tubular bushing 1416 into 
engagement with the circumferentially spaced teeth 1502e of the end of the tubular upper 
adaptor, and mounting shear pins, 1602a and 1602b, within the mounting holes, 1444c and 
1502c, and, 1444d and 1502d, respectively, of the tubular coupling ring and tubular upper 
adaptor, respectively. As a result, the tubular nriandrel 1406 and tubular stinger 1408 of the 
packer setting tool assembly 32 are thereby positioned within the longitudinal passage 
1504a of the tubular upper mandrel 1504 with the 1408e of the tubular stinger positioned 
within the longitudinal passage 1546b of the tubular lower mandrel 1546 proximate the collet 
fingers 1550d of the tubular sliding sleeve valve 1550. 

[0208] Furthermore, in an exemplary embodiment, during the operation of the packer 
setting tool 32 and packer assembly 36. as illustrated in Figs. 16A1 to 16A5, the packer 
setting tool and packer assembly are positioned within the expandable wellbore casing 100 
and an internal threaded connection 30a of an end of the adjustable casing expansion cone 
assembly 30 receives and is coupled to the external threaded connection 1402f of the end of 
the tubular adaptor 1 402 of the packer setting tool assembly. Furthermore, shear pins. 
1604a and 1604b, mounted within the mounting holes. 1558b and 1558c. of the tubular 
outer sleeve 1558 couple the tubular outer sleeve to the expandable wellbore casing. As a 
result, torsion loads may transferred between the tubular outer sleeve 1558 and the 
expandable wellbore casing 100. 
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[0209] In an exemplary embodiment, as illustrated In Rgs. 16B1 to 16B5. a conventional 
plug 1606 is then injected into the setting tool assembly 32 and packer assembly 36 by 
injecting a fluidic material 1608 into the setting tool assembly and packer assembly through 
the longitudinal passages, 1402a, 1404b, 1406b. 1408b. 1550a, 1546a. 1560b, and 1564a 
of the tubular adaptor 1402, tubular upper mandrel 1404. tubular mandrel 1406. tubular 
stinger 1408, tubular sliding sleeve valve 1550, tubular lower mandrel 1546, tubular bypass 
mandrel 1560. and tubular plug seat 1564. respectively. The plug 1606 is thereby positioned 
within the longitudinal passage 1564a of the tubular plug seat 1564. Continued injection of 
the fluidic material 1608 following the seating of the plug 1606 within the longitudinal 
passage 1564a of the tubular plug seat 1564 causes the plug and the tubular plug seat to be 
displaced downwardly in a direction 1610 until further movement of the tubular plug seat is 
prevented by interaction of the set screw 1574 with the external annular recess 1564f of the 
tubular plug seat. As a result, the flow ports. 1564c and 1564d. of the tubular plug seat 1564 
are moved out of alignment with the upper flow ports, 1560c and 1560d. of the tubular 
bypass mandrel 1560. 

[0210J In an exemplary embodiment, as illustrated in Figs. 16C1 to 16C5, after the 
expandable wellbore casing 100 has been radially expanded and plastically deformed to 
fomi at least the bell section 1 12 of the expandable wellbore casing 100 thereby shearing 
the shear pins, 1604a and 1604b, the setting tool assembly 32 and packer assembly 36 are 
then moved upwardly to a position within the expandable wellbore casing 100 above the bell 
section. The tubular adaptor 1402 is then rotated, by rotating the tool string of the system 10 
above the setting tool assembly 32. to displace and position the drag blocks, 1428 and 1430, 
into engagement with the interior surface of the expandable wellbore casing 100. 
[0211] As a result of the engagement of the drgg blocks, 1428 and 1430. vwth the interior 
surface of the expandable wellbore casing 100. further rotation of the drag blocks relative to 
the wellbore casing is prevented. Consequently, due to the operation and Interaction of the 
threaded connections, 1416d and 1418a, of the tubular bushing 1416 and tubular drag block 
body 1418, respectively, further rotation of the tubular adaptor 1402 causes the tubular drag 
block body and setting sleeve 1442 to be displaced downwardly in a direction 1612 relative 
to the remaining elements of the setting tool assembly 32 and packer assembly 36. As a 
result, the setting sleeve 1442 engages and displaces the upper tubular spacer ring 1506 
thereby shearing the shear pins, 1522a and 1522b. and driving the upper tubular slip 1512 
onto and up the angled end face 1520d of the upper tubular wedge 1520 and into 
engagement with the interior surface of the expandable wellbore casing 100. As a result, 
longitudinal displacement of the upper tubular slip 1512 relative to the expandable wellbore 
casing 100 is prevented. Furthermore, as a result, the 1446b collet fingers of the tubular 
retaining collet 1446 are disengaged from the tubular upper adaptor 1502. 
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[0212] In an alternative embodiment, after the drag blocks, 1428 and 1430, engage the 
interior surface of the expandable wellbore casing 100, an upward tensile force is applied to 
the tubular support member 12, and the ball gripper assembly 16 is then operate to engage 
the interior surface of the expandable wellbore casing. The tension actuator assembly 18 is 
then operated to apply an upward tensile force to the tubular adaptor 1402 thereby pulling 
the upper tubular spacer ring 1506. lower tubular spacer ring 1510. upper tubular slip 1512, 
lower tubular slip 1516. upper tubular wedge 1520, lower tubular wedge 1524, upper tubular 
extrusion limlter 1528. lower tubular extrusion limiter 1534, and central tubular elastomeric 
element 1544 upwardly into contact with the 1442 thereby compressing the upper tubular 
spacer ring, lower tubular spacer ring, upper tubular slip, lower tubular slip, upper tubular 
wedge, lower tubular wedge, upper tubular extaision limiter. lower tubular extrusion limiter, 
and central tubular elastomeric element. As a result, the upper tubular slip 1512, lower 
tubular slip 1516, and central tubular elastomeric element 1544 engage the interior surface 
of the expandable wellbore casing 100. 

10213] In an exemplary embodiment, as illustrated in Figs. 16D1 to 16D5, an upward 
tensile force is then applied to the tubular adaptor 1402 thereby compressing the lower 
tubular slip 1516. lower tubular wedge 1524. central elastomeric packer element 1544. upper 
tubular extrusion limiter 1528. and upper tubular wedge 1520 between the lower tubular 
spacer ring 1510 and the stationary upper tubular slip 1512. As a result, the lower tubular 
slip 1516 Is driven onto and up the angled end face 1524d of the lower tubular wedge 1524 
and into engagement with the interior surface of the expandable wellbore casing 100. and 
the central elastomeric packer element 1544 is compressed radially outwardly into 
engagement with the interior surface of the expandable tubular member. As a result, further 
longitudinal displacement of the upper tubular slip 1512. lower tubular slip 1516. and central 
elastomeric packer element 1544 relative to the expandable wellbore casing 100 is 
prevented. 

[0214] In an exemplary embodiment, as illustrated in Figs. 16E1 to 16E6. continued 
application of the upward tensile force to tubular adaptor 1402 will then shear the shear pins, 
1602a and 1602b, thereby disengaging the setting tool assembly 32 from the packer 
assembly 36. 

[0215] In an exemplary embodiment, as illustrated in Figs. 16F1 to 16F6. with the drag 
blocks, 1428 and 1430. in engagement with the interior surface of the expandable wellbore 
casing 100, the tubular adaptor 102 is further rotated thereby causing the tubular drag block 
body 1418 and setting sleeve 1442 to be displaced further downwardly in the direction 1612 
until the tubular drag block body and setting sleeve are disengaged from the tubular stinger 
1408. As a result, the tubular stinger 1408 of the setting tool assembly 32 may then be 
displaced downwardly into complete engagement with the tubular sliding sleeve valve 1550. 



[0216] In an exemplary embodinnent. as illustrated in Figs. 16G1 to 16G6. a fluidic 
material 1614 is then injected into the setting tool assembly 32 and the packer assembly 36 
through the longitudinal passages 1402a, 1404b, 1406b, 1408b, 1504b, 1550a. and 1546b 
of the tubular adaptor 1402, tubular upper mandrel 1404, tubular mandrel 1406. tubular 
stinger 1408. tubular upper mandrel 1504, tubular sliding sleeve valve 1550. and tubular 
lower mandrel 1546, respectively. Because, the plug 1606 is seated within and blocks the 
longitudinal passage 1564a of the tubular plug seat 1564, the longitudinal passages 1504b. 
1550a, and 15465 of the tubular upper mandrel 1504, tubular sliding sleeve valve 1550. and 
tubular lower mandrel 1546 are pressurized thereby displacing the tubular upper adaptor 
1502 and tubular upper mandrel 1504 downwardly until the end face of the tubular upper 
mandrel impacts the end face of the upper tubular spacer ring 1506. 
[0217] In an exemplary embodiment, as illustrated in Figs. 16H1 to 16H5. the setting tool 
assembly 32 is brought back into engagement with the packer assembly 36 until the 
engagement shoulder 1408e of the other end of the tubular stinger 1408 engages the collet 
fingers 1550d of the end of the tubular sliding sleeve valve 1550. As a result, further 
downward displacement of the tubular stinger 1408 displaces the tubular sliding sleeve valve 
1550 downwardly until the radial flow ports. 1550b and 1550c, of the tubular sliding sleeve 
valve are aligned with the flow ports, 1546e and 1546f, of the tubular lower mandrel 1546. A 
hardenable fluidic sealing material 1616 may then be injected into the setting tool assembly 
32 and the packer assembly 36 through the longitudinal passages 1402a. 1404b, 1406b. 
1408b, and 1550a of the tubular adaptor 1402, tubular upper mandrel 1404, tubular mandrel 
1406, tubular stinger 1408, and tubular sliding sleeve valve 1550, respectively. The 
hardenable fluidic sealing material may then flow out of the packer assembly 36 through the 
upper Row ports, 1558d and 1558e, into the annulus between the expandable wellbore 
casing 100 and the wellbore 102. 

[0218] The tubular sliding sleeve valve 1550 may then be returned to its original 
position, with the radial flow ports, 1550b and 1550c, of the tubular sliding sleeve valve out 
of alignment with the flow ports, 1546e and 1546f, of the tubular lower mandrel 1546. The 
hardenable fluidic sealing material 1616 may then be allowed to cure before, during, or after 
the continued operation of the system 10 to further radially expand and plastically deform the 
expandable wellbore casing. 

[0219] In an exemplary embodiment, the system 10 is provided as illustrated in 
Appendix A to the present application. Figs. 1-10. 11, 11a, 11b, 11c, lid, 11e. 11f. 11g. 
11h, 11k. 111. 12a, 12b, 12c. 13a, 13b. 14. 15, 16a, 16b, 16c. 16d, 16e. 16f, 16g. and 16hof 
appendix A generally correspond to Figs. 1-10, 11-1 to 11-2, 11A1 to 11A2, 11B1 to 11B2, 
lie, 11D. 11E. 11F. 11G. 11H. Ill, 11J, 11K, 11L. 12A1 to 12A4, 12B. 12C1 to 12C4, 13A1 
to 13A8, 1381 to 13B7. 14Ato 14C, 15-1 to 15-5, 16A1 to 16A5. 16B1 to 16B5, 16C1 to 



16C5, 16D1 to 16D5, 16E1 to 16E6, 16F1 to 16F6. 16G1 to 16G6. and 16H1 to 16H5, 
respectively. 

[0267] It is understood that variations may be made in the foregoing without departing from 
the scope of the claims. For example, the teachings of the present illustrative embodiments 
may be used to provide a wellbore casing, a pipeline, or a structural support. Furthermore, 
the elements and teachings of the various illustrative embodiments may be combined in 
whole or in part in some or all of the illustrative embodiments. 

[0268] Although illustrative embodiments of the invention have been shown and described, 
a wide range of modification, changes and substitution is contemplated in the foregoing 
disclosure. Accordingly, it is appropriate that the appended claims be construed broadly. 



Claims 



1. A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning the tubular member within a preexisting structure; 

positioning first and second adjustable expansion devices within the tubular member; 

radially expanding and plastically deforming a lower portion of the tubular member 

with the first adjustable expansion device to form a bell section; and 
radially expanding and plastically deforming a portion of the tubular member above 

the bell section with the second adjustable expansion device. 

2. The method of claim 1 , wherein positioning the tubular member within a preexisting 
structure comprises: 

locking the tubular member to an expansion device. 

3. The method of claim 1 , wherein radially expanding and plastically deforming a lower 
portion of the tubular member to fomi a bell section comprises: 

lowering the first expansion device out of an end of the tubular member; and 
pulling the first expansion device through the end of the tubular member. 

4. The method of claim 1. wherein radially expanding and plastically deforming a portion 
of the tubular member above the bell section comprises: 

lowering the second expansion device out of an end of the tubular member; and 
pulling the second expansion device through the end of the tubular member. 

5. The method of claim 1, wherein radially expanding and plastically deforming a portion 
of the tubular member above the bell section comprises: 

overiapping the portion of the tubular member above the bell section with an end of a 

preexisting tubular member; and 
pulling the second expansion device Ihrough the overiapping portions of the tubular 

member and the preexisting tubular member. 

6. The method of claim 1 , further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
expandable tubular member and the preexisting structure. 

7. The method of claim 1, further comprising: 
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cutting off an end of the expandable tubular member 
The method of claim of 1. further comprising: 

supporting the tubular member and the first and second adjustable expansion 

devices within the preexisting structure; 
wherein radially expanding and plastically deforming a lower portion of the tubular 

member lo form a bell section comprises: 

lowering the flrst adjustable expansion device out of the expandable tubular 
member; 

increasing the outside dimension of the first adjustable expansion device; and 
displacing the first adjustable expansion device upwardly relative to the 
expandable tubular member m times to radially expand and plastically 
deform m portions of the tubular member within the preexisting 
structure; and 
wherein the method further comprises: 

pressurizing an interior region of the tubular member above the first adjustable 
expansion device during the radial expansion and plastic deformation of the 
lower portion of the tubular member within the preexisting structure; 

positioning the first and second adjustable expansion devices within another tubular 
member; 

supporting the another tubular member and the first and second adjustable 
expansion devices within the preexisting structure in overlapping relation to 
the tubular member; 

lowering the second adjustable expansion device relative to the another tubular 
member; 

increasing the outside dimension of the second adjustable expansion device; 

displacing the second adjustable expansion device upwardly relative to the another 
tubular member n times to radially expand and plastically deform n portions of 
the another tubular member within the preexisting structure; and 

pressurizing an interior region of the another tubular member above the second 
adjustable expansion device during the radial expansion and plastic 
deformation of the another tubular member within the preexisting structure. 

The method of claim 1 , further comprising: 

supporting the tubular member and the first and second adjustable expansion 
devices within the preexisting structure; 



wherein radially expanding and plastically deforming a lower portion of the tubular 
member to fomi a bell section comprises: 

lowering the first adjustable expansion device out of the tubular member; 
increasing the outside dimension of the first adjustable expansion device; and 
displacing the first adjustable expansion device upwardly relative to the 

tubular member to radially expand and plastically deform the lower 

portion of the tubular member; 
wherein radially expanding and plastically deforming a portion of the tubular member 
above the bell section comprises: 

displacing the first adjustable expansion device and the second adjustable 
expansion device downwardly relative to the tubular member; 

decreasing the outside dimension of the first adjustable expansion device and 
increasing the outside dimension of the second adjustable expansion 
device; and 

displacing the second adjustable expansion device upwardly relative to the 
tubular member to radially expand and plastically deform portions of 
the tubular member above the lower portion of the tubular member; 
and 

wherein the method further comprises: 

positioning the first and second adjustable expansion devices within another tubular 
member; 

supporting the another tubular member and the first and second adjustable 

expansion devices within the preexisting structure in overlapping relation to 

the tubular member; 
lowering the first adjustable expansion device out of the another tubular member; 
increasing the outside dimension of the first adjustable expansion device; 
displacing the first adjustable expansion device upwardly relative to the another 

tubular member to radially expand and plastically deform a lower portion of 

the another tubular member; 
displacing the first adjustable expansion device and the second adjustable expansion 

device downwardly relative to the another tubular member; 
decreasing the outside dimension of the first adjustable expansion device and 

increasing the outside dimension of the second adjustable expansion device; 

and 

displacing the second adjustable expansion device upwardly relative to the another 
tubular member to radially expand and plastically deform portions of the 



another tubular member above the lower portion of the another tubular 
member 

wherein the outside dimension of the first adjustable expansion device is greater than 
the outside dimension of the second adjustable expansion device. 

The method of claim 1, further comprising: 

supporting the tubular member and the first and second adjustable expansion 

devices within the preexisting structure; 
wherein radially expanding and plastically deforming a lower portion of the tubular 

member to form a bell section comprises: 

lowering the first adjustable expansion device out of the tubular member; 
increasing the outside dimension of the first adjustable expansion device; and 
displacing the first adjustable expansion device upwardly relative to the 

tubular member to radially expand and plastically defonm the lower 

portion of the tubular member; 
wherein the method further comprises pressurizing an interior region of the 
expandable tubular member above the first adjustable expansion device 
during the radial expansion of the lower portion of the expandable tubular 
member by the first adjustable expansion device; 
wherein radially expanding and plastically deforming a portion of the tubular member 
above the bell section comprises: 

displacing the first adjustable expansion device and the second adjustable 
expansion device downwardly relative to the tubular member; 

decreasing the outside dimension of the first adjustable expansion device and 
increasing the outside dimension of the second adjustable expansion 
device; and 

displacing the second adjustable expansion device upwardly relative to the 
tubular member to radially expand and plastically deform portions of 
the tubular member above the lower portion of the tubular member; 
wherein the method further comprises: 

pressurizing an interior region of the tubular member above the second adjustable 
expansion device during the radial expansion of the portions of the tubular 
member above the lower portion of the tubular member by the second 
adjustable expansion device; 

positioning the first and second adjustable expansion devices within another tubular 
member; 



supporting the another tubular member and the first and second adjustable 

expansion devices within the preexisting structure in overlapping relation to 

the tubular member; 
lowering the first adjustable expansion device out of the another tubular member; 
increasing the outside dimension of the first adjustable expansion device; 
displacing the Tirst adjustable expansion device upwardly relative to the another 

tubular member to radially expand and plastically deform a lower portion of 

the another tubular member; 
pressurizing an interior region of the another tubular member above the first 

adjustable expansion device during the radial expansion of the lower portion 

of the another tubular member by the first adjustable expansion device; 
displacing the first adjustable expansion device and the second adjustable expansion 

device downwardly relative to the another tubular member; 
decreasing the outside dimension of the first adjustable expansion device and 

increasing the outside dimension of the second adjustable expansion device; 
displacing the second adjustable expansion device upwardly relative to the another 

tubular member to radially expand and plastically deform portions of the 

another tubular member above the lower portion of the another tubular 

memt>er; and 

pressurizing an interior region of the another tubular member above the second 
adjustable expansion device during the radial expansion of the portions of the 
another tubular member above the lower portion of the another tubular 
member by the second adjustable expansion device; 

wherein the outside dimension of the first adjustable expansion device is greater than 
the outside dimension of the second adjustable expansion device. 

11. The method of claim 1, further comprising: 

positioning a plurality of cutting elements within the tubular member, and 
bringing the cutting elements into engagement with the tubular member. 

12. The method of claim 1, wherein at least one of radially expanding and plastically 
deforming a lower portion of the tubular member to form a bell section and radially 
expanding and plastically deforming a portion of the tubular member above the bell section 
comprises: 

positioning a plurality of gripping elements within the tubular member; and 
bringing the gripping elements into engagement with the tubular member. 



13. A system for radially expanding and plastically deforming a tubular member, 
comprising: 

means for positioning the tubular member within a preexisting structure; 
means for positioning first and second adjustable expansion devices within the 
tubular member; 

means for radially expanding and plastically deforming a lower portion of the tubular 
member with the first adjustable expansion device to form a bell section; and 

means for radially expanding and plastically deforming a portion of the tubular 
member above the bell section with the second adjustable expansion device. 

14. The system of claim 13, wherein means for positioning the tubular member within a 
preexisting structure comprises: 

means for locking the tubular member to the first and second expansion devices. 

15. The system of claim 13, wherein means for radially expanding and plastically 
deforming a lower portion of the tubular member to form a bell section comprises: 

means for lowering the first expansion device out of an end of the tubular member; 
and 

means for pulling the first expansion device through the end of the tubular member. 

16. The system of claim 13, wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 

means for lowering the second expansion device out of an end of the tubular 
member; and 

means for pulling the expansion device through the end of the tubular member. 

17. The system of claim 13. wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 

means for overiapping the portion of the tubular member above the bell section with 

an end of a preexisting tubular member; and 
means for pulling the second expansion device through the overlapping portions of 

the tubular member and the preexisting tubular member. 

18. The system of claim 13. further comprising: 

means for injecting a hardenable fluldic sealing material into an annulus between the 
expandable tubular member and the preexisting structure. 
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1 9. The system of claim 1 3, further comprising: 

means for cutting off an end of the expandable tubular member. 



20. The system of claim of 13. further comprising: 

means for supporting the tubular member and the first and second adjustable 

expansion devices within the preexisting structure; 
wherein means for radially expanding and plastically deforming a lower portion of the 

tubular member to form a bell section comprises: 

means for lowering the first adjustable expansion device out of the 

expandable tubular member; 
means for increasing the outside dimension of the first adjustable expansion 

device; and 

means for displacing the first adjustable expansion device upwardly relative to 
the expandable tubular member m times to radially expand and 
plastically deform m portions of the tubular member within the 
preexisting structure; and 
wherein the system further comprises: 

means for pressurizing an interior region of the tubular member above the first 
adjustable expansion device during the radial expansion and plastic 
deformation of the tubular member within the preexisting structure; 

means for positioning the second adjustable expansion device within another tubular 
member; 

means for supporting the another tubular member and the second adjustable 
expansion device within the preexisting structure in overiapping relation to the 
tubular member; 

means for lowering the second adjustable expansion device relative to the another 
tubular member; 

means for increasing the outside dimension of the second adjustable expansion 
device; 

means for displacing the adjustable expansion device upwardly relative to the 
another tubular member n times to radially expand and plastically deform n 
portions of the another tubular memt)er within the preexisting structure; and 

means for pressurizing an interior region of the another tubular member above the 
second adjustable expansion device during the radial expansion and plastic 
defonmation of the another tubular member within the preexisting structure. 



21 . The system of claim 1 3, further comprising: 
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means for supporting the tubular member and the first and second adjustable 

expansion devices within the preexisting structure; 
wherein means for radially expanding and plastically deforming a lower portion of the 

tubular member to form a bell section comprises: 

means for lowering the first adjustable expansion device out of the tubular 
member; 

means for increasing the outside dimension of the first adjustable expansion 
device; and 

means for displacing the first adjustable expansion device upwardly relative to 
the tubular member to radially expand and plastically deform the lower 
portion of the tubular member; 
wherein means for radially expanding and plastically defomiing a portion of the 

tubular member above the bell section comprises: 

means for displacing the first adjustable expansion device and the second 
adjustable expansion device downwardly relative to the tubular 
member; 

means for decreasing the outside dimension of the first adjustable expansion 
device and increasing the outside dimension of the second adjustable 
expansion device; and 

means for displacing the second adjustable expansion device upwardly 
relative to the tubular member to radially expand and plastically 
deform portions of the tubular member above the lower portion of the 
tubular member; and 
wherein the system further comprises: 

means for positioning the first and second adjustable expansion devices within 

another tubular member; 
means for supporting the another tubular member and the first and second 

adjustable expansion devices within the preexisting structure in overlapping 

relation to the tubular member 
means for lowering the first adjustable expansion device out of the another tubular 

member; 

means for increasing the outside dimension of the first adjustable expansion device; 
means for displacing the first adjustable expansion device upwardly relative to the 

another tubular member to radially expand and plastically deform a lower 

portion of the another tubular member; 
means for displacing the first adjustable expansion device and the second adjustable 

expansion device downwardly relative to the another tubular member; 
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means for decreasing the outside dimension of the first adjustable expansion device 
and increasing the outside dimension of the second adjustable expansion 
device; and 

means for displacing the second adjustable expansion device upwardly relative to the 
another tubular member to radially expand and plastically deform portions of 
the another tubular member above the lower portion of the another tubular 
member; 

wherein the outside dimension of the first adjustable expansion device is greater than 
the outside dimension of the second adjustable expansion device. 

The system of claim 13. further comprising: 

means for supporting the tubular member and the first and second adjustable 

expansion devices within the preexisting structure; 
wherein means for radially expanding and plastically defonming a lower portion of the 

tubular member to form a bell section comprises: 

means for lowering the first adjustable expansion device out of the tubular 
member; 

means for increasing the outside dimension of the first adjustable expansion 
device; and 

means for displacing the first adjustable expansion device upwardly relative to 
the tubular member to radially expand and plastically deform the lower 
portion of the tubular member; 
wherein the system further comprises means for pressurizing an interior region of the 
expandable tubular member above the first adjustable expansion device 
during the radial expansion of the lower portion of the expandable tubular 
member by the first adjustable expansion device; 
wherein means for radially expanding and plastically deforming a portion of the 
tubular member above the bell section comprises: 

means for displacing the first adjustable expansion device and the second 
adjustable expansion device downwardly relative to the tubular 
member; 

means for decreasing the outside dimension of the first adjustable expansion 
device and increasing the outside dimension of the second adjustable 
expansion device; and 

means for displacing the second adjustable expansion device upwardly 
relative to the tubular member to radially expand and plastically 
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deform portions of the tubular member above the lower portion of the 
tubular member; 
wherein the system further comprises: 

means for pressurizing an interior region of the tubular member above the second 

adjustable expansion device during the radial expansion of the portions of the 

tubular member above the lower portion of the tubular member by the second 

adjustable expansion device; 
means for positioning the first and second adjustable expansion devices within 

another tubular member; 
means for supporting the another tubular member and the first and second 

adjustable expansion devices within the preexisting structure in overlapping 

relation to the tubular member; 
means for lowering the first adjustable expansion device out of the another tubular 

member; 

means for increasing the outside dimension of the first adjustable expansion device; 
means for displacing the first adjustable expansion device upwardly relative to the 

another tubular member to radially expand and plastically deform a lower 

portion of the another tubular member; 
means for pressurizing an interior region of the another tubular member above the 

first adjustable expansion device during the radial expansion of the lower 

portion of the another tubular member by the first adjustable expansion 

device; 

means for displacing the first adjustable expansion device and the second adjustable 
expansion device downwardly relative to the another tubular member; 

means for decreasing the outside dimension of the first adjustable expansion device 
and increasing the outside dimension of the second adjustable expansion 
device; 

means for displacing the second adjustable expansion device upwardly relative to the 
another tubular member to radially expand and plastically deform portions of 
the another tubular member above the lower portion of the another tubular 
member; and 

means for pressurizing an interior region of the another tubular member above the 
second adjustable expansion device during the radial expansion of the 
portions of the another tubular member above the lower portion of the another 
tubular member by the second adjustable expansion device; 

wherein the outside dimension of the first adjustable expansion device is greater than 
the outside dimension of the second adjustable expansion device. 



23. The system of claim 1 3, further comprising: 

means for positioning a plurality of cutting elements within the tubular member; and 
means for bringing the cutting elements into engagement with the tubular member. 

24. The system of claim 13. wherein at least one of means for radially expanding and 
plastically deforming a lower portion of the tubular member to form a bell section and means 
for radially expanding and plastically deforming a portion of the tubular member above the 
bell section comprises: 

means for positioning a plurality of gripping elements within the tubular member; and 
means for bringing the gripping elements into engagement with the tubular member. 



